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MECHANICS OF ENGINEERING 
AT THE UNIVERSITY OF WASHINGTON 
1916-17. 


BY WILLIAM E. DUCKERING, 


Instructor in Civil Engineering, University of Washington. 


Owing to the increased interest which professional engineers 
are showing in engineering education, and also on account of 
the activity among educators themselves, there is a growing 
demand for any data which seems likely to furnish additional 
light on this subject. It is in response to this demand that 
the following description of the course in mechanics has been 
prepared. The subject of engineering education is of vital 
importance to the entire profession and additional experi- 
mental data is of value to all concerned. The course herein 
described has in many respects passed the purely experimental 
stage and seems to have entered upon a period of consistent 
growth. It is in actual operation and the results obtained 
appear to justify its continuance until something more satis- 
factory is found. It is our sincere hope, therefore, that if the 
subject matter is found worthy of discussion, that such dis- 
cussion will be full of constructive criticism and suggestion. 

Before outlining the methods of conducting this course, it 
will be well to state briefly the fundamental bases, as we see 
them, upon which these methods rest. A brief definition of 
terms will assist toward a sympathetic understanding of the 
ideas set forth. 

THE ENGINEER. 


Engineering is a profession and is not merely a means of 
securing a living. The engineer bridges the gap between the 
physical sciences and the social structure. He is the link 
which connects a particular chain of scientific thought and re- 
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search with the needs of humanity. From science he obtains 
statements of the principles and laws of nature, scientific 
methods of analysis and accurate procedure, scientific infor- 
mation, and scientific tools; from nature he gets his materials 
and his field of operation; from society he gets his problem; 
and his life-work consists in establishing an harmonious rela- 
tion between these elements. 


ENGINEERING EDUCATION. 


The broad relationship existing between the engineer and 
society raises the most vital problem in engineering education. 
This is emphasized by the results of Dr. Mann’s questionnaire 
concerning the qualifications of engineers. Shall we educate 
primarily for the seventy-five per cent. or for the twenty-five 
per cent. of an engineer’s equipment? However, this ques- 
tion loses a large part of its perplexing power if we recognize 
the distinction between a structure and the purpose for which 
it is intended. Any building may be considered as seventy- 
five or eighty per cent. structure. A change in the remaining 
percentage will transform a library into a post-office or some- 
thing else. It would seem, therefore, that an engineering edu- 
cation ought to provide clearly for those specialties which dis- 
tinguish an engineer from other professional men; but it must 
at the same time stimulate and encourage those human quali- 
ties which are the very substance of his permanent structure. 


1. Development of the Student. 


We believe that an engineering education should primarily 
train the student in the development and use of those powers 
and faculties which enable him to apply the data of science to 
the constructive phases of human needs. This involves the 
development of individual initiative and self-reliance; the 
power of observation and judgment; persistence, accuracy 
and thoroughness; an open-mindedness towards instructions 
and the ability to follow them; tolerance and breadth of view; 
the habit of study and of independent thinking. It is true 
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that these are chiefly the result of a wholesome assimulation 
of experience, and an outgrowth of those natural resources 
which the student possesses before he enters college; but it is 
equally true that the college will be tremendously more 
effective if it surrounds the student with the atmosphere which 
stimulates and encourages these qualities. 


2. Fundamental Training in Principles. 


Next in order is a thorough grounding in the fundamental 
principles and laws of physical science. These are few in 
number, yet they are capable of infinite variety of applica- 
tion. If we endeavor to cover the entire field of application 
to particular cases, there is a danger of failing to accomplish 
what seems to be the chief purpose of education. If these 
principles become a permanent part of the framework upon 
which the engineer does his thinking, he is prepared to meet 
whatever special problems his particular environment may 
offer. Couple with this a careful training in scientific method 
as applied to the analysis and solution of unfamiliar prob- 
lems, and he may face without tremor those ‘‘new situations’’ 
which bring zest and- vitality to the engineer’s life. 


3. Drill in Methods and Use of Tools. 


The engineer may learn that the abstract sciences furnish 
him with the tools of thought, but unless he becomes suffi- 
ciently familiar with the use of these tools as such, in the solu- 
tion of engineering problems, he is likely to throw them all 
away as soon as he leaves college. For the engineer mathe- 
matics is not an end in itself; it is merely an exceedingly use- 
ful tool. While he is being given an opportunity to use these 
tools in the solution of engineering problems, he should be 
drilled in those methods and requirements which promote 
efficiency in the work and reliability in the results, and which 
fit the student to take his place in an efficiently managed 
engineering office. 

There should be drill in the proper use of handbooks and 


520 


MECHANICS OF ENGINEERING. 


tabulated information. These are also valuable tools and 
become dangerous only when used to fill in the gaps in the 
fundamental knowledge of the user. The student should be 
familiar with convenient sources of information in order to 
call it to hand when it is needed. It is not necessary for him 
to memorize a mass of data, because the detail of the work in 
which he is engaged after leaving college will furnish him 
with this type of information. 


4. Engineer’s Point of View. 


Finally there is the development of the engineering point 
of view, of an interest in engineering research, and of an 
understanding of the ethics and ideals of the profession. We 
believe that these ends can be attained through the constant 
endeavor of the instructor to exemplify these ideals and in the 
presentation of problems in their normal accompaniment of 
engineering dress at the hands of those who have had engineer- 
ing experience. 


Tue Course IN ENGINEERING MECHANICS. 


With this declaration of aims in mind we may proceed to a 
description of the present course in mechanics as given at the 
University of Washington. Although still experimental in 
method of instruction, and though still evolving to meet each 
new need as it is discovered, this course has gradually em- 
bodied certain characteristics which seem to be identified with 
its success. It will be well, however, before proceeding with 
a description of present methods, to outline the methods which 
preceded those of the present. 


Historical Sketch 1907-08. 


Nine years ago, in 1907-08, the mechanics of engineering 
was given under the following conditions: 

First Semester 1907-08.—Class periods consisted of four 
fifty-minute recitations per week. All lessons assigned in a 
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textbook, and prepared outside. Recitations conducted by 
sending students to work individual problems at the black- 
board. Concrete problems and demonstrations of theory were 
assigned in this manner. 

The instructor occupied his time in passing from man to 
man for the purpose of asking and answering questions, cor- 
recting problems and assigning new ones, grading the work 
which had been done. The period was essentially a combina- 
tion of recitation and individual instruction. The wide sepa- 
ration between the method thus employed and the conditions 
under which the engineer works in actual practice made it 
almost impossible for the student to carry any valuable habits 
from the class room to his professional activities. Except in 
the case of the exceptional student, the outside study is largely 
unproductive. This is true primarily because the conditions 
of ordinary college life are not conducive to concentration 
upon assignments, and secondarily, because a great many stu- 
dents receive help which prevents them from developing any 
latent powers which they may possess. 

Such instruction as it was possible to give in graphics during 
the first semester was unsatisfactory because all of the appli- 
cation of theory was forced into the channels of outside assign- 
ments. Strength of materials was not included in the work 
given during the first semester. 

Second Semester 1907—08.—Class periods consisted of two 
fifty-minute recitations and one three-hour laboratory period 
per week. Recitation assignments were on same basis as in 
first semester. Two recitation sections of about twelve men 
each, were combined in a single laboratory section under one 
instructor. 

The laboratory section was intended for the purpose of 
working longer problems than could be handled in a fifty- 
minute period. This section met in a drafting room which 
provided conditions similar, in some respects at least, to nor- 
mal engineering office requirements. 

The results secured in the mechanics course of 1907-08 were 
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very unsatisfactory in many ways; but the attempt at labora- 
tory instruction was successful in so far as it pointed the way 
to a more efficient method of presenting this particular sub- 
ject. During the next year fewer recitation periods were 
used and more time was spent in the ‘‘so-called’’ laboratory 
work. At this time both recitation and laboratory sections 
were held in a room fitted up as a drafting room in order that 
the students might work at independent desks, thus doing 
away with the confusion and preventing the mental and moral 
deterioration incident to copying at blackboard recitations. 
No one was allowed in the room during laboratory periods 
except members of the class, and all moving about was pro- 
hibited. In this manner more ideal conditions for study were 
secured. 

The degree of success attained in the year 1908-09 was so 
much greater than that attending the efforts of any previous 
year that the instructors directly concerned were stimulated 
in a constant search for further improvements. Each year 
since that date the course has continued in its evolutionary 
process. Since the field was new, it was inevitable that many 
experiments did not lead to the results which were sought; 
but each success and each failure has been weighed in the light 
of an earnest desire to develop the powers of the student, 
and has necessarily led to improvement and growth. 

The most productive source of suggestions for changes and 
experiments has been the engineering experience of the in- 
structors themselves, all of whom have had considerable engi- 
neering practice. A constant effort has been made to sur- 
round the student with the conditions which would constitute 
a definite training for his professional life. This does not 
mean that the so-called ‘‘practical’’ phase of his training is so 
over-emphasized that he would be better off out of school and 
engaged in practice. Surely life is more than a mere struggle 
for existence. Let us beware of so exalting the manual train- 
ing idea that we merely make education a dull reflection of 
life’s most sordid aspects. We feel that it should be kept 
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constantly in mind that education is for the development of 
the student and is not a periodical inventory of a certain 
amount of subject matter. In other words, educate the stu- 
dent rather than merely exhibit the subject matter. The aim 
is to surround the student with those conditions which permit 
his growth and development and at the same time ground 
him securely in those fundamentals which will make his engi- 
neering experience a pleasure as well as a profit. This is a 
large undertaking but the success attending the efforts of the 
past furnishes an unquenchable incentive to continue those 
efforts in the future. We ask, therefore, that this description 
of our methods be looked upon purely in the nature of a 
‘*progress report.’’ 


The Course as Given 1916-17. 


At the present time the course in engineering mechanics is 
given regularly in the junior year to all students in the 
mechanical, electrical and civil engineering courses. The pre- 
requisites for juniors are eighteen hours of mathematics and 
eleven hours of university physics. 

There is no department of mechanics at the University of 
Washington. The course is included in the department of 
civil engineering. Each of the instructors teaching mechanics 
is at the present time teaching other courses than this, gen- 
erally along the lines of his own specialty. There are five 
instructors, all engineering graduates, and all men with engi- 
neering experience. The following colleges are represented: 
Lafayette, Cornell, Illinois, Wisconsin and Washington. The 
experience of the instructors runs from three to eleven years 
in engineering practice. 

The following outline of certain mechanical features con- 
nected with the course will serve to indicate the conditions 
. under which the student is working: 

Class periods are three three-hour periods in first semester, 
and two three-hour periods in the second semester. 

All required work is done during the class periods. 
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No outside assignments or outside preparation is required. 

No textbooks are used in first semester; textbooks used as 
references in latter part of second semester. 

Notebooks are kept by each student. These cover special 
work of any nature taken up in class, complete working state- 
ments in words, of all laws used, and specifications of various 
kinds. 

Carnegie’s ‘‘Pocket Companion”’ steel handbook is used as 
a source of standards and tabulated data; but not for formulas 
except as a check on fundamental solutions. 

The slide rule is used in practically all computations. 

Class rooms are fitted up as drafting rooms with desk space 
for each student. In large sections the class is divided into 
two squads with separate problems so that no two persons ad- 
jacent are working on the same data. 

Strict discipline is maintained in the class. No exchange 
of papers or conversation of any kind is permitted. Viola- 
tions of this rule are severely dealt with. 

All work except study problems is collected at the end of 
each period, or sooner, and corrected and returned to the stu- 
dent at the next period. Most students keep a complete file 
of all back problems. Problems are sometimes collected, cor- 
rected and returned to the student during the period in order 
that he may profit immediately by his previous results, and 
also for the purpose of increasing the speed of the slower 
students. 

Grading is based entirely upon results. Only correct 
numerical results receive any credit. 

A high standard of neatness and systematic arrangement 
of work is insisted upon. Papers which do not conform to 
such standard are marked zero. 

Grades for the entire class are posted each week so that 
each student knows exactly how his work compares with every 
other member of the class. 

All seating in the class room is in accordance with the pub- 
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lished grades, so that each man is seated near those who are 
doing no better work than he is capable of turning out. 

The semester is divided into three periods of about six 
weeks each. The first is mostly the opening up of new fields of 
thought, and although the grades are posted the students are 
given to understand that this period has no weight in the final 
grade. 

The second period is more in the nature of drill along lines 
of work already taken up. All demands as to methods of 
doing the mechanical side of the work are considerably tight- 
ened during this period. Minimum reference to notes and 
back problems is permitted. This forces the student to rest 
on his fundamentals rather than on memory of previous 
solutions. 

The third period is largely in the nature of a review and 
much of it is conducted as an examination under conditions 
approximating civil service rules. This period is generally 
slightly less than one third of the entire semester, and is 
never less than three weeks. 

At the beginning of each period the students commence 
with clean slates and consequently there are many changes in 
ranking at this time. This has the double effect of giving new 
energy to the backward ones and of preventing the leaders 
from resting on their laurels. The students are given to 
understand that a passing grade in the third period will pass 
them in the semester’s work. In this way those who get a 
poor start in the first two periods still have a fighting chance 
and many are able to pull through in good shape. This is 
especially true of those who have placed the least reliance 
upon their back problems and the instructor. 

Absences are marked zero unless the student obtains official 
leave from an officer of the university. The instructors do 
not grant such leave. On the whole, absences are remarkably 
few in number. Two especially good records deserve mention. 
During the first semester of 1914-15, in a double section of 
twenty men, there were but two absences out of a possible 
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1,323. Again, during the first semester of 1916-17, in the 
freshman experimental section of twelve men, there was but 
one absence out of a possible 600. The student in this case 
was called for riot duty in the National Guard. 

It is unnecessary to include a detailed statement of the sub- 
ject matter covered by a year’s course under the scheme herein 
outlined. But it will be well to note that the items covered 
represent a combination of two or more courses as usually 
given in some schools. The course includes statics, deter- 
minate and indeterminate reactions, algebraic and graphic 
methods of solution, dynamics, hydro-staties, strength of ma- 
terials, and an introduction to design methods and cost esti- 
mates. The various subdivisions of mechanics are not taken 
up one at a time and finished, but are purposely introduced 
wherever their entrance will serve to correlate and emphasize 
the application of fundamental principles. 


METHODS OF INSTRUCTION. 


In following a description of the method of presentation of 
the subject matter of the course it will materially assist if these 
points are kept closely in mind: first, we believe that all instruc- 
tion must be given from the standpoint of its ultimate value in 
the development of the student, rather than from the standpoint 
of immediate absorption of subject matter; second, that the 
thing of greatest importance from the standpoint of subject 
matter is athorough training in fundamentals, as opposed to 
drill in the solution of special cases or abstracted particulars ; 
and, third, that the problem method furnishes the greatest op- 
portunity for establishing a close correlation between theory 
and practice, and that it holds the interest of the student and 
accomplishes the primary object of developing his capabilities 
and powers. 

As Regards the Problem. 

In presenting a problem no attempt is made to strip it of 
all the interesting features which surround a practical engi- 
neering situation. To the student entering into the mysteries 
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of a new line of thought, a mere lifeless abstraction is no more 
interesting than any other corpse. The problem must appear 
with its natural accompaniment of engineering conditions. It 
must be given an engineering dress. This serves the double 
purpose of correlating theory and practice and training the 
student in individual analysis. 

The problem is stated in terms of its ultimate object rather 
than in terms of the detail sub-problems necessary to accom- 
plish that object. On entering a new field of thought the 
mind proceeds by analysis. It is this analysis which leads to 
the discovery of the elementary parts; which elementary parts 
are interesting because they are known to be necessary com- 
ponents of a whole that is familiar. 

For example: the student is asked to report as to the safety 
of the sheet piling in a certain cofferdam, instead of being re- 
quired to find the stresses in a beam of given length under a 
given triangular loading, or he is asked to investigate the 
safety of a beam in the floor system of a warehouse in which a 
certain kind of material is stored. The attendant detail of 
span length, load, shear, moment, deflection and fiber stress is 
brought out in the analysis of the problem and much of the 
necessity for investigating these is discovered by the student 
himself. 

Of course it is not always possible for the student to com- 
plete the entire solution of a long study problem; but by ap- 
proaching the sub-problem from the analysis of the true engi- 
neering situation, the interest of the student is maintained and 
he realizes that this sub-problem is a means toward the solu- 
tion of the main problem. The more general situation is 
always taken up before the special cases are considered. For 
instance ; curved chord trusses with unsymmetrical non-paral- 
lel loads are investigated for stresses before taking up paral- 
lel chord trusses with symmetrical loading. Reinforced con- 
erete furnishes a better introduction to the entire subject of 
internal stresses than any homogeneous beam. By a careful 
choice of the more general cases the student is led to a funda- 
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mental analysis utterly impossible amid the partial and dis- 
torted views which accumulate about the so-called simple cases. 
It does not appear advisable to give the student theory before 
he has discovered its necessity and usefulness through attempt- 
ing to solve practical problems. The presentation of abstract 
theory before the student has discovered a need for its exist- 
ence inevitably leads to disinterest and often disgust. 

Our problems fall quite naturally into two types; the study 
problem and the drill problem. The study problem is for the 
purpose of introducing new principles, and also for the pur- 
pose of presenting old principles in new situations. The 
object of these problems is to get the student into a difficulty 
which he recognizes as such. These problems are never allowed 
to degenerate into mere puzzles. The second type of problem 
is known as the drill problem. This is chiefly in the nature of 
review ; but special emphasis is laid upon the means of solu- 
tion. In the study problem the greatest emphasis is laid upon 
a clear understanding of the situation which produces the 
problem, and of the principles which make its solution possibie, 
whereas in the drill problem the chief interest is in getting 
results. The drill problem also serves the purpose of breaking 
up the study problem into a large number of sub-problems and 
special cases. When taken up in this manner the special cases 
do not obscure the fundamental principles; and by choosing 
them from a widely diverse field they serve to fix the funda- 
mentals more securely. There is more effort, on the part of the 
student, to remember the idea rather than the form in which 
it may have appeared in any particular problem. 

There are no lectures in this course. The instructor has no 
set speeches to deliver and no rigid list of problems to follow. 
Each instructor is given free rein in the planning of his 
work, and he plans it with the view always of achieving the 
best results with the particular group of students under his 
charge. Different sections have different assignments at the 
same time and do not get the same set of problems to solve 
during a semester; but they do cover the same fundamentals. 
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The problem of breaking in new instructors is taken care of 
in the double sections. These double sections, consisting of 
twenty to thirty men, are placed in charge of two instructors. 
One of these instructors has been trained in preceding semes- 
ters. He takes full charge of the work and in this manner the 
new instructor is given an opportunity to become familiar with 
the methods of procedure before having the entire responsi- 
bility of a section thrust upon him. 


As Regards Presentation and Analysis. 


When a study problem is before the class the student is 
urged to do his own thinking, to take chances, to ‘‘start some- 
thing,’’ to look upon the whole affair in the same light as re- 
search or experimentation. Little emphasis is placed upon 
arrangement of work and methods of solution ; the chief thing 
is the search. If the student makes a blunder and is led to a 
discovery through that blunder, he is immeasurably ahead of 
the student who waits to get the right ‘‘hunch.’’ No attempt 
is made to immediately clear up each difficulty as soon as it 
appears. The student is allowed to try things which fail, and 
these failures often contain the most valuable lessons. 

Naturally before long there is a general condition of dead- 
lock and therefore at the psychological moment a general dis- 
cussion is precipitated. Invariably in these discussions the 
students supply much of the knowledge necessary to proceed. 
The instructor only gives help when it is really needed. From 
the first the student is made to realize that the responsibility is 
upon his own shoulders. The necessary theory is given from 
time to time as the occasion arises, and then while the diffi- 
culty is still uppermost in the student’s mind he is given 
another problem which demands the application of the same 
principles and theory. In this manner the use of the theory 
is driven home. These solutions are always with numerical 
data. It is not until the student is thoroughly familiar with 
the numerical solution of a problem that he is allowed to 
handle a case entirely in algebraic symbols. Having solved 
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this in the same fundamental manner that the numerical prob- 
lem was solved, he obtains his formula and may compare it 
with that given in his handbook or reference text when one is 
being used. The formula may now be used from time to time 
as a check upon results obtained by solving from funda- 
mentals; but no drill in the use of the formula is attempted. 
The drill is all put on the solution of problems by the use of 
the fundamentals. This undoubtedly takes a longer time than 
the use of a formula, but it is a longer time, every minute of 
which is more valuable than any of the time spent substituting 
in a formula. 

One of the great discoveries which the average student makes 
is the fact that when he tries to secure a correct numerical 
result, that result eludes his grasp at every turn. Over and 
over again he is given zero when his only trouble is in arith- 
metie or algebra. Then it is that the instructor can begin 
making insistent demands for system, clearness, neatness, large 
sketches and check methods. When the student finds that he 
ean not get correct answers he is urged to avoid all so-called 
‘*short-cuts’’ and great emphasis is laid upon the making of 
clear sketches which show all the data in an intelligible man- 
ner. All calculations must be handed in. The student is told 
to do only one thing at a time and to put that down in the 
shape required for handing in for correction and grading. 
The harmful results accruing from the indiscriminate compu- 
tations usually scattered about on scratch paper are avoided. 
And the enforced deliberateness soon increases the efficiency 
of the student and he finds himself getting results. The sys- 
tematic arrangement of each step in his work enables him to 
find his own mistakes. This is something which is almost un- 
heard of as long as the student is permitted to turn in the mass 
of haphazard, scrawling calculations that are the rule among 
untrained men. 


As Regards Development of the Individual. 


In dealing with the student every attempt is made to bring 
him to the realization that the responsibility under which he 
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now labors is small in comparison with that which he will meet 
after leaving college. If he can not bear the brunt of friendly 
competition in the class room, he stands small show in the un- 
sympathetic competition outside. He is led to see that help 
withheld is of more value than help given before he is really 
ready for it. By forcing him to stand on his own feet, his 
self-reliance and initiative are developed. The demand that 
he make his own analysis of the unfamiliar problem strengthens 
his power of observation and judgment. The drill in efficient 
methods reduces a large part of his work to the level of the 
automatic and thus leaves his brain free for the more impor- 
tant details. Emphasis is at all times placed upon the value of 
making all steps follow each other in a logical order, and the 
student is urged to find a definite reason for each thing that he 
does. This phase is taken care of by the personal quizzes which 
the instructor conducts at the student’s desk. 

In short, the student is directed to be scientific in his methods 
of thinking. By this we mean: first, a careful statement of 
the end sought ; second, the proper arrangement and classifica- 
tion of relevant data; third, analysis and reduction of the 
problem into less complex parts; fourth, solution by the appli- 
cation of established laws and fundamental principles. 

The fact that the student is kept in difficulty as much as 
possible gradually develops in him a state of mind which is 
open to instructions. The average student resists instructions 
because he does not as yet see any reason why he should follow 
them. When a failure to follow instructions leads to imme- 
diate difficulty, and when following those instructions leads to 
satisfaction, it is not long before they are willingly obeyed. 

In taking up the large variety of problems offered by me- 
chanics, the order of procedure may be varied by the different 
instructors, and the question might arise as to the necessity of 
having a definite logical order chosen by the department and 
followed by each instructor. In this connection it is well to 
point out that as far as subject matter is concerned the chief 
end sought is a thorough grounding in fundamentals rather 
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than the solution of certain problems. In the review and 
drill phases of the work, problems, illustrating the same fun- 
damental principles but utterly variant in appearance and 
detail, follow each other in rapid succession. This forces a 
realization of the varied and broad application of these prin- 
ciples without fixing their association with the outline of cer- 
tain special problems. In this way the student’s memory is 
directed to the idea rather than to the mechanical process. 

On every occasion where there is an indication that the 
student is in a receptive state of mind, short heart-to-heart 
talks on engineering ideals, practical engineering situations, 
psychological laws as to the formation of habits, discussions of 
thought processes, and other humanizing subjects are driven 
home with a view of building them into the texture of the 
student’s engineering training. 

Finally, the student is taught to regard all scientific laws, 
scientific methods of analysis, mathematics, and tabulated 
information, as tools which he must use throughout his entire 
engineering career. These tools are of value only when they 
are sharp and properly handled; they can not be thrown 
aside to rust and decay and then be of any service when the 
need arises. They are to be cherished as valuable possessions 
and kept in a state of readiness to meet any demand. By drill 
in efficient methods of applying his higher mathematics he is 
taught to regard it as a time-saver, and no longer looks upon 
the sign of integration as a signal of distress. 


SumMary OF REsuuts SECURED. 


In conclusion we may say that the methods of instruction 
described above have not been found easier, but more effective 
than other methods which we have tried. On the other hand, 
a feeling of increased efficiency more than compensates for 
the extra effort put forth. Under the previous methods the 
instructor was unable to come in sympathetic touch with the 
student’s peculiarities of thought, while the present scheme 
offers many of the advantages of tutorial instruction without 
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losing the great advantage of group competition and exchange 
of ideas. One of the most noticeable effects of the system, 
when compared with the efforts of a few years ago, is the in- 
erease in self-reliance and initiative shown by the great 
majority of the students. They show clearly that they have 
grown more capable of independent study and thought. There 
is a much greater persistence and thoroughness coupled with 
the power to get accurate results. And now that the chief 
aims and purposes of the course are better understood by the 
students, they come with open minds instead of prejudices and 
soon develop the ability to follow instructions. The fact that 
the student is held responsible for the analysis of the problem, 
has borne fruit in increased powers of observation and judg- 
ment. And it is clearly shown by the work of the students in 
advanced mechanics that they are more thoroughly grounded 
in the fundamental principles than was ever the case when 
they spent their time proving their theory and solving illustra- 
tive examples. 


FRESHMAN EXPERIMENTAL SECTION. 


It is worthy of note that during the year 1916-17 a course in 
engineering mechanics is being given as an elective to one 
section of freshman engineers. On account of the absence of 
the usual prerequisites in mathematics and physics, the field 
covered by this course is somewhat smaller than that covered 
by the juniors in the same length of time, but the aims and 
methods are practically identical with those described above. 
Calculus is used by the freshman in the same manner that the 
junior uses it ; that is, it is used as a tool in connection with any 
engineering problem which needs it. The mechanics of phys- 
ies is treated in the same manner. 

In this course for the freshman the results pointed out in 
connection with the junior courses are equally noticeable. 
Great emphasis is being placed upon the formation of efficient 
habits of thought and study, and the results in this respect 
are very gratifying to the instructors. However, this is an 
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experimental section and the time is hardly ripe to pass judg- 
ment, even though the present indications are encouraging 
and seem to point to valuable developments in the future. 
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BY L. 8. RANDOLPH, 
Dean, Engineering Dept., Virginia Polytechnic Institute. 


Without doubt the greatest development of our time has 
been the systematic study and promotion of efficient methods, 
or in other words making a number of blades of grass grow 
where one grew before. 

It is not, therefore, surprising that so many establishments 
exist under conditions of which the following is not an ex- 
aggerated description : 

First. Raw material] is received without specification and 
no more examination than to determine that it is material. 

Second. Sixty-five to seventy-five per cent. of this raw mate- 
rial is thrown out during the process of manufacture, after 
having been more or less worked upon or, in the language of 
the shop, spoiled during the process of manufacture. 

Third. Each foreman or head of department, selected with 
little regard to his capacity for the work in hand, doing what 
he likes in his own line, having little regard to the character 
of material, or to the work which others are doing; frequently 
with no knowledge of the qualities required in the finished 
product, and often undoing the work of some other depart- 
ment, more frequently duplicating the same. 

Fourth. Where the attempt is made to put all of the mate- 
rial into the same form of machine, regardless of the kind of 
material, be it brass, steel, cast iron, or concrete. 

Fifth. Where the men who use the finished product usually 
consider it a failure and generally work it over when they do 
not kick it out entirely, except in those few cases where the 
product happens to fit. 

Sixth. Where no systematic study is made as to the suita- 
bility of the finished product for the work it is intended to do. 
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One would say that should such a plant be subject to the 
ordinary laws of business, failure would be a question of time 
only, and yet the description does not inaccurately portray the 
conditions which obtain in the average school of engineering, 
probably to a greater extent in a modern university, and ac- 
counts for the all pervading educated misfit. 

This condition was tersely described in a recent inaugural 
address of a university president, as follows: 

“It is a sad commentary on the educational institutions of 
the country that those upon whom are showered their choicest 
honors are seldom if ever those whom any one would care to 
resemble.’’ 

. When we realize that in the old academic type of education 
the matter of utility of the subject was not only ignored, but 
was most studiously avoided (see the toast to pure mathe- 
matics), and when we consider that utility is the final test of 
technical education we begin to see that modern technical edu- 
cation has caused a big step in advance of the culture of the 
civilized world, and when we take into account the condition 
of our technical schools as described above, we can under- 
stand why it took over 2,000 years from the university at 
Athens to the university of the present day to do what com- 
paratively little civilizing was done, and when, as someone 
remarked recently, the growth of civilization in the last forty 
years has been greater than in the previous 2,000 years, we can 
appreciate more completely the possibilities of engineering 
education. 

A member of the faculty of one of our universities was heard 
to boast that his university was founded on the university at 
Athens. Would we be so far wrong should we feel that the 
university has not grown much above its foundation? Many 
of our universities have grown far above such a foundation, 
are veritable sky scrapers, but the student is too apt to find 
that the elevators are not running to-day. 

It may be claimed that the entrance examination on the 
fourteen-unit basis is a specification, but is it anything more 
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than an indication that the student’s mind exists and has had 
some training? It does not differentiate between brass, pig 
iron, steel, green timber or seasoned, between a memory mind 
or a reasoning one, between a self-confident mind or the con- 
trary, between one who can grasp only facts and draw con- 
clusions from a general view of a limited number of them or 
one who reasons step by step. 

Has the student the mentality of a successful civil engineer, 
electrical, mechanical, executive, selling, or research engineer, 
or has he that of a lawyer, physician, artist, or what not? Is 
any attempt made to determine? 

How many students start on their college work who are both 
mentally and temperamentally unfit for the course they are 
trying? The writer has seen numerous cases where a very 
cursory examination would have shown that the boy could 
do better at almost anything else than what he was attempt- 
ing, and in many a ease has sent civil engineers into medicine 
or law, or mechanical engineers into agriculture or business, 
or men who were delving hard towards the domain of pure 
science into executive work, and had them come back after- 
wards and thank him from the bottom of their hearts. 

How often are we attempting to make a silk purse out of a 
sow’s ear, or use a razor wherewith to open oysters. 

The writer sent to a warm personal friend, to do rather fine 
engineering work, a student who afterwards made a success on 
a small farm and lumber proposition. The friend was polite 
enough not to express himself audibly, but he would never take 
any more students on the same recommendation. 

With the modern development of psychology and character 
reading, such blunders are inexcusable, for the students in a 
technical school can be differentiated according to their mental 
qualifications with quite a great deal of accuracy and the 
mental qualities needed in the different lines can be quite accu- 
rately determined. 

That 65 to 75 per cent. of the students leave college before 
graduation is a well-known fact, but just why this happens is 
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not known. Frequently lack of funds is given, where some 
other reason is the real one. 

What is known as the sophomore lag or the drop in grades of 
the sophomore class can be explained in part at least by a 
feeling of being a misfit, or a partial failure not sufficiently 
strong to prevent a return to the institution. 

Within the last twenty-four hours two cases have come to 
the writer’s attention, where timidity was driving the men 
away from college. One had failed on an examination and 
admitted that he had gone home and worked out in an hour 
correctly, three of the four problems on which he had failed. 
He admitted that he was rattled. It took three hours of the 
stiffest sort of arguing to keep that man from quitting and 
going as a rodman on an engineer corps. 

Investigation of similar cases has shown similar difficulties 
which could have been readily overcome. 

The financial reason for leaving college has been proved un- 
tenable by numerous cases of students completing their courses 
who were possessed of nothing but an unconquerable desire to 
obtain an education. This unconquerable desire may be im- 
planted in anyone who has the moral courage for facing the 
subjects before him and this moral courage may be instilled. 

If the shop handles its raw material by forming the cast 
iron under a steam hammer, its tool steel in the planing mill, 
or the lumber by running it through a cupola, it will be readily 
admitted that there is a probability of 65 to 75 per cent. of the 
material being spoiled in process of manufacture, for it can be 
readily seen that the operation is neither pleasant, interesting, 
nor profitable to either the material or the machine. 

We have all many times seen the strong vigorous personality 
of a student coming in contact with the delicate razor-like- 
edged professor, with results comparable only to those obtained 
by running a piece of tool steel through a buzz saw; vastly to 
the detriment of its nervous system. 

The measure of the work of an educational institution is 
usually the number of completed units it turns out, or in other 
words the number of graduates. 
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Imagine the feelings of the shop manager who sees the work 
represented by the shaded area in the diagram, or 75 per cent. 
of his work thrown away ; in other words there are three times 
the necessary workmen employed. 

It may be claimed that the work on those men who do not 
complete their courses is not wasted, but on the principle that 
‘*a little learning is a dangerous thing,’’ it seems to be worse 
than wasted, certainly as far as the good of the country at 
large is concerned, for half-baked opinions of partially edu- 
cated men are the curse of a democratic country. 

The remedy for all of this lies in three directions: 

First, many men should not be allowed to enter an institu- 
tion at all, that is, those who have not the mental qualifica- 
tions to handle the work for which the course is a preparation. 
It is proposed to do this by the ordinary academic examina- 
tions, but many a man with a good memory who is almost an 
arrant fool may pass such examinations. 

The writer saw a man who just missed being an inmate of 
a home for imbeciles, with the Bible, Shakespeare, and some 
other similar works at his fingers’ ends, 

In schools of engineering or technical schools, this dis- 
tinction should be more closely drawn. An embryo physician 
or lawyer should not be allowed to attempt to make a civil 
engineer of himself and a misfit at the same time. Potential 
dry goods clerks and preachers should not be made into pseudo 
engineers, no matter how rich a father or how good a football 
record he may have. 

Second, special training should be given so as to strengthen 
the mental weak points. In the lower classes sections should 
be arranged from a psychological basis rather than on an alpha- 
betical, and instruction governed accordingly. Read the ac- 
count of Kim’s training at Simla (see Kipling’s ‘‘Kim’’). 
The self-reliant and timid should be in a different section. 
Those with good minds for the abstract should not be in the 
same section with those whose minds grasp the concrete, each 
mind should be so trained and exercised as to develop a well- 

‘balanced mentality. 
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Third, different training should be given to the different 
types. Thus very good men who have shown considerable abil- 
ity in engineering practice have been utterly ruined by too 
much mathematics or theoretical mechanics, and one strong 
executive type sacrificed his degree rather than be forced to 
carry a heavy course in applied mechanics. 

Excellent results have been obtained by handling certain 
men as individuals rather than in classes, that is, a large pro- 
portion of the men can be handled ‘‘en bloc’’ so as to make a 
passing grade, but from ten to fifteen per cent. need individual 
attention in order to correct mental weak points such as bad 
habits of study. 

The following incident will illustrate a frequently occur- 
ring difficulty. 

A student developing at the blackboard a not very intricate 
mathematical formula complained that he did not understand 
it. A careful consideration of the details of the deduction 
developed the fact that the only difficulty was a simple alge- 
braic transformation; when this was explained he said he 
understood it, but further questioning showed that he under- 
stood only the relation of the letters of the formula, but had no 
idea of the relation of the concrete facts represented by the 
letters. When he was made to write out the meaning of the 
letters in their positions in the formula he exclaimed: ‘‘I did 
not know that a formula meant anything like that.’’ 

Many subsequent trials of this method have given similar 
results. 

In the higher classes there has been no difficulty in sepa- 
rating the executive, the scientific, the salesman type, etc., and 
by means of individual work, starting them out on successful 
careers, when otherwise they would have been misfits. 

Investigations which have been made along this line indicate 
that by means of the art of character reading or character 
study the differentiation described above can be readily ac- 
complished at the present day. 

That the instructor usually does pretty much as he likes is 
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to a large extent true. There are a number of cases in which 
we find duplicate work, three or four men teaching the same 
subject, sometimes in different ways, at other times in exactly 
the same way, and in more than one case giving instruction 
which is radically different from that of another man. Vari- 
ous methods have been used in attempting to correct this, but 
so far no method has been devised, that the writer is aware 
of, where the instruction is made to fit the peculiar mental or 
psychological condition of the student. Instructors are usually 
selected from liking or necessity, seldom, if ever, from their 
psychological fitness. Our shops long ago learned that the 
most skilled mechanic seldom if ever made a good foreman, 
but that a learned professor seldom makes a good teacher is 
known to but few. 

Elective systems have been devised in which a student is al- 
lowed to pick his own course, or his own line of studies, to 
make a civil or other engineer of himself by selecting such 
studies as in his opinion are suitable and valuable. 

When we consider that comparatively few instructors at the 
present time have a very clear idea of engineering, that the 
parent, unless he is an engineer, has none at all, the student’s 
knowledge is a negative quantity, and that he is particularly 
apt to have entirely false ideas, as for instance the reason given 
by one student for taking electrical engineering, that electric- 
ity gave such bright light, or of another who did not want to 
take mechanical engineering as he had learned all of that 
practically (had run a stationary engine for two years). It is 
not difficult to foresee the result. Such cases are not uncom- 
mon and the results are very similar to those which would 
occur should the manufacturer project the raw material into 
the shops and work it on those machines it happened to hit, 
and into the form which happened to come into the mind of 
the man who was running the machine that was struck by the 
material, and then bind the whole into a machine which he 
expected to be useful. 

The most heart-rendering thing is, however, to attempt to 
put on the market a machine when neither the purchaser 
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or manufacturer is quite sure whether it is made of brass, 
steel, wooden block, or putty. Is is any surprise that we 
hear from all over the country the claim that the graduates 
of our technical schools are failures? Relatively few of our 
schools make any systematic attempt to determine of what ma- 
terial the man is made. Nearly all of our big industrial estab- 
lishments put a graduate through more or less training that 
will primarily determine of what sort of material he is made. 
As a case in point, a graduate was sent to a big pump works 
and when he was afterwards asked what they gave him to do, 
he replied that he was sent to the casting-cleaning shed to clean 
a big pump casting. When asked if he had done it, he said he 
cleaned it as if he was polishing a piano and for four or five 
days he stayed at that work. This man was not putty, but a 
good high-grade tool steel and now stands at the head of his 
profession. In the same class with him a man who led his class 
in academic work was to all intent and purpose a failure under 
the same conditions; under different conditions he would not 
to-day be in his grave with a broken heart. Instances of this 
kind are constantly occurring and amply justify the criticisms 
made by the employers. 

The old academic method was to have examinations at the 
beginning and the end of the college course and determine 
from these what the young man knew, but in engineering we 
must know what a man ean do. In nearly all of our universi- 
ties and institutions the former is still in vogue. It acts fairly 
well for a matter of Greek or Latin, or similar matters of pure 
memory and for the scientist where it is merely a question of 
duplication of work, or where a man is taught to do a thing 
and to do it over again, but in engineering this is about the 
last thing that is needed, for when a man relies on his memory 
alone, he is almost invariably a failure; he must learn to do. 
He must develop those qualities of mind and heart and soul 
and body which give him the aptitude demanded of one who is 
going to meet new problems and solve them, new difficulties 
and overcome them, new sacrifices and make them. When an 
engineering graduate goes out, far and away the most impor- 
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tant things he has to meet, the difficulties he has to surmount, 
the discouragements he has to overcome are with the human 
machine. Few, if any, students who go out, unless they work 
up the matter for themselves, have any idea of reading char- 
acter, of telling the sort of men to use for different kinds of 
" work, and the method of getting the most out of the men, or 
in other words making the man more efficient. Such matters 
have been almost wholly neglected in his education, and as a 
natural result we see men from the ranks with no educational 
training, yet with this almost heaven-born gift, going ahead 
and playing around men who have had unbounded opportuni- 
ties for education, or as expressed by one eminent financier, 
who said he had spent $50,000 on the education of his son, who 
could not make his own living. 

The mental characteristics of the student should be carefully 
studied so as to determine the line of work for which he is best 
fitted, and should all be settled when the student comes in, just 
as in some of our better institutions his physical condition, as 
regards muscular development, the condition of his heart, 
lungs, digestive apparatus is determined. They put him in a 
gymnasium and give him such training as will develop those 
muscles which are weak, badly deformed or ill-proportioned 
and his athletic work is determined by his physique. A thin, 
skinny man may make a sprinter, but will never make an oars- 
man or swimmer, a big, deep-chested, broad-shouldered, big- 
armed man with small legs does not make a bicycle racer, a 
hurdler or a jumper. In the same way, the mental character- 
istics can be separated ; some can be developed and stimulated, 
others held back and a man put in the lines in which he will be 
best fitted and as soon as he finds where he is best fitted there 
he will be contented and happy, interested and do good work. 

During the course of instruction he should not be classed by 
the purely alphabetical methods, but those men who use their 
memory should be put in a class by themselves and their rea- 
soning powers developed, those men who use their reasoning 
_ powers and have little or no memory should have their memo- 
ries stimulated, those men whose powers of observation are 
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slight should have them stimulated and so on through the 
whole range of mental characteristics and development. 

How often have I seen a man with strong executive ability 
eating his heart out, after graduation, on account of the lack 
of knowledge and ability to carry out his natural inclinations 
and do that for which he is best fitted. In other words, the 
pedagogical methods should be adapted to the mental peculiari- 
ties or weakness of the student, just as we adapt the exercise 
in the gymnasium to the physical characteristics, or the work 
in the shops to the characteristics of the material. Putty is an 
excellent thing, but we don’t work it with a steam hammer. 
Wood is splendid, but the last thing to be worked in a cupola, 
and so on almost indefinitely. 

Furthermore, during the course and certainly at graduation 
the mental ability of the man should be carefully gauged again 
to see what changes have been made by his college course, what 
are the effects of the different pedagogical methods on the stu- 
dent. That a change of character has taken place cannot be a 
moment doubted if one would take the photograph of a man of 
20 or 21 and the same man at 40. Frequently, so wide is the 
variation that they cannot be recognized as the same person. 
If such enormous variations are made in that time, certainly 
very grave ones can be made in a short four years, or if you 
want proof, let us look at the photograph of the man entering 
college and the graduate four years later. 

And the last, and the writer would say to his mind the most 
important, is to give the man such training in character read- 
ing as will enable him to see and recognize the various types 
of men, know how to get along with them, know how to appeal 
to them, know how to determine for what they are best fitted. 
For through this law by which he can read the character of 
others, the answer can be given to the ery which still goes up 
from all mankind— 


**O, wad some Power the giftie gie us’’ 
To see oursilves as ithers see us. 
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THE LOGICAL SKELETON OF ELEMENTARY 
DYNAMICS.* 


BY EDWARD V. HUNTINGTON, 


Harvard University. 


The object of this article is to outline, in as compact and 
time-saving a form as possible, the logical structure of 
elementary dynamics. The definitions and theorems here 
stated are believed to contain all the theoretical equipment 
necessary for attacking problems in elementary dynamics, up 
to and including problems in the general motion of a system 
of rigid bodies in a plane. 

Although the logical sequence may not always be the best 
teaching order, it is hoped that the article may be of service 
not only to teachers but also.to students, especially in review- 
ing the subject.t 


I. FUNDAMENTAL CONCEPTS. 


Every logical science must begin with certain undefined 
concepts (in terms of which all the other concepts of the 
science are expressed), and certain unproved propositions 
(from which all the other propositions of the science are 
deduced). 

Let us begin our inquiry, therefore, by asking what are the 
undefined concepts of dynamics. I take them to be these: 


* This article contains the substance of a paper read before the Mathe- 
matical Association of America at its first summer meeting, September 1, 
1916, under the title: The Teaching of Elementary Mechanics. 

t Any teacher who is interested is requested to communicate with the 
. Seeretary of the American Mathematical Monthly, 55 E. Lorain S8t., 
Oberlin, O., as arrangements may be made for supplying reprints. 
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(1) Space and time, with the derived concepts of velocity 
and acceleration; (2) forces, as suggested by the tension and 
compression in our own muscles; and (3) inert material 
bodies, on which our forces act. Let us briefly examine each 
of these preliminary notions. 

Acceleration.—The notions of time and space, as far as, 
and including, the idea of velocity, may be assumed as fairly 
familiar to the student beginning mechanics; the idea of 
acceleration, however, is likely to be new, and no pains should 
be spared to make this concept vivid and real in the student’s 
mind. In my own experience, a diagram showing a succession 
of snap shots of the moving object, taken at equal intervals of 
time against a stationary background, has proved very useful. 
Thus, in Fig. 1, as any boy can see, the body is moving to the 


12 $8 4 5 6 7 
Fig. 1. 


right with an increasing velocity ; while in Fig. 2, the velocity 
first increases and then decreases again. All the four or five 


important types of accelerated motion can be illustrated in 
this way. But the matter is at best a difficult one, and any 


4 By 6 7 8 9 
2. 


teacher who can devise a really successful method for making 
acceleration seem as definite and tangible a thing as velocity, 
would be doing us all a great service. 

The units of measurement for acceleration, such as the rail- 
road engineers’ unit of a mile-per-hour per second, present 
no difficulty after the concept itself is clear. 

The student should know enough calculus to understand 
how to get the velocity and the displacement from a known 
acceleration by integration. The following simple device will 
suffice for many common cases: If dv/dt=—f(t) or f(z), 
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multiply through by dt or by dz; in the latter case noting 
that dx/dt =v. 

Force.—The notion of force is also more or less familiar in 
the form of a push ora pull. We exert a force when we throw 
a stone or carry a load. Moreover, a simple instrument for 
measuring forces is also familiar, in the form of a spring bal- 
ance. To find how hard I am pulling when I hold a kite 
string, I have merely to tie a spring balance to the end of the 
string and note how far the spring is stretched. Or, to find 
how much pressure is required to crack a nut, I have merely 
to replace the nut by a compression-balance between the jaws 
of the cracker, and note how far the spring is compressed. Of 
course, a spring balance, like every other physical instrument, 
is subject to numerous instrumental errors, and has to be 
somewhat idealized in order to serve our logical purpose. 
Nevertheless, a spring balance provides the best available 
concrete notion of a force. 

The unit of force is perfectly arbitrary, being simply any 
agreed-upon amount of stretch in a standard spring; and a 
complete scale of multiples and submultiples of the unit is 
readily established by simply opposing one or more unmarked 
springs, in various combinations, against the standard, or 
unit, spring, and marking the positions reached by the 
pointer. (This process involves no knowledge of Hooke’s 
Law; it assumes merely that the elastic properties of the 
spring do not vary with the time.) 

By means of a portable, graduated spring balance thus 
constructed we are able theoretically to measure any force, 
anywhere, in terms of the arbitrarily chosen unit of force 
represented by our originally chosen standard spring. This 
simple, concrete notion of what a force means should not be 
complicated, at this stage, by any discussion of what a force 
will do, or by any inquiry as to how the ultimate unit of 
force can best be preserved for posterity. The important 
thing for the student to understand is that, theoretically at 
least, a force is always measurable by a spring balance, just 
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as temperature is measurable by a thermometer, or time by a 
clock. Details of construction and standardization of the 
instrument should be postponed until later. 

The following definitions will be important during the 
course : 

(a) The component, or resolved part, of a force along a 
fixed axis is the magnitude of the force times the cosine of 
the angle which it makes with the axis. 

(b) In a given plane, the moment of a force about a fixed 
point O in the plane is the magnitude of the force times the 
perpendicular distance from O to the line of action of the 
force. (The definition of the moment of a force about a skew 
axis in space need not be given until later in the course.) 

As a matter of notation it is convenient to represent known 
forces by arrows with large closed heads, and unknown forces 


Fie. 3. 


by arrows with large open heads; also to indicate the positive 
direction along the fixed axis by a small feathered arrow and 
the positive direction of rotation in the plane by a small, 
curved, feathered arrow. 

Matter—tThe last of our undefined concepts, namely the 


notion of inert material bodies, is also sufficiently familiar, 
provided we take it just as it comes, in its naive, original 
form, and do not attempt to endow our material bodies with 
all sorts of mystical properties like ‘‘forces of inertia.’’ A 
material body is passive. Force is the active agent, by which 
dead matter is buffeted about according to our will. All that 
we really need to know about matter, at the start, is that any 
given piece of matter, or any given collection of pieces, may 
be supposed to preserve its identity throughout any given 
discussion. 

These, then, are our fundamental concepts: length and 
time, as measured by a meter stick and a clock; force, as 
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measured by a spring balance; and inert lumps of matter, 
upon which our forces act. 

Let us now turn to the fundamental principles, that is, the 
unproved propositions, of the theory. 


II. FUNDAMENTAL PRINCIPLES OF THE DYNAMICS OF A SINGLE 
PARTICLE. 


To simplify the treatment, let us begin with the study of 
bodies which can be treated as particles. A particle is any 
material body which, for the particular purpose in hand, may 
be regarded as concentrated at a single point. Moreover, let 
us assume for the present that all of our observations are 
referred to a fixed frame of reference. 

The fundamental question of dynamics is then the follow- 
ing: If a force gets hold of a free particle, and proceeds to 
act on it, what happens to the particle? The answer is con- 
tained in the first of our fundamental principles, namely : 

1. The Principle of Force and Acceleration.—A free par- 
ticle, when acted on by a force, acquires an accelaration in the 
direction of the force; furthermore, if a given particle is acted 
on at different times by two forces F and F", and if a and a’ 
are the corresponding accelerations, then 


F/F'=a/¢' ; 


that is, the accelerations are proportional to the forces. 

This is what I like to describe as the fundamental equation 
of dynamics. It is best regarded as a scientific hypothesis, 
the truth of which has been abundantly verified by experi- 
ment. But its truth is not by any means obvious. For 
example, the immediate corollary that if no force is acting 
on a body, then there is no change in the velocity of the body, 
seems at first sight to contradict our commonest experience of 
motions which appear to die down of themselves. No pains 
should be spared to make clear by numerous concrete exam- 
ples, including especially examples involving frictional forces, 
the full meaning of this equation. Each teacher will devise 
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his own illustrations. All that I can do here is to point out 
that this principle of proporticnality is really the kernel of 
the whole matter. However well a student may have done in 
statics, he cannot be said to have made even a fair start in 
dynamics until he has learned to associate force and accelera- 
tion inseparably in his mind. 

Let us see what this principle enables us to do. We are on 
a desert island. We have our spring balance and our clock, 
and we are curious to discover the dynamical properties of 
each of the several inert lumps of matter that we find on the 
island. How do we proceed? Having selected any particular 
body for study, the essential thing is to ascertain by experi- 
mené (directly or indirectly) what acceleration would be pro- 
duced in that body by some known force. Suppose, for 
example, that the given body proves to be such that a force 
of 10 lbs. gives it an acceleration of 2 ft./sec?. Then the fun- 
damental proportion enables us to state at once exactly what 
acceleration any other force would produce in that body. 

Note on inertia.—Sinee for any given body the ratio of the 
force to the acceleration produced is constant, the value of 
this ratio, F/a, is a characteristic of the body, which may be 
called its inertia. A body which requires a force of 10 lbs. to 
give it an acceleration of 2 ft./sec*. has an intertia of 5 lbs. 
per (ft./sec?.). The unit of inertia is thus a compound unit, 
namely a unit of force divided by a unit of acceleration ; but 
as we shall see presently, this unit is one that seldom need be 
used in practice. The important thing to remember is that a 
separate experiment is required to determine the inertia of 
each individual body, and that when the inertia of any given 
particle is known, then the behavior of that particle under any 
given force can be predicted by the aid of the fundamental 
equation. 

Up to this point we have tacitly assumed that our particle 
is acted on by only one force at a time. Suppose now that the 
particle is acted on by several forces simultaneously. 
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To cover this case we state a second and a third funda- 
mental principle, as follows: 

2. The principle of the vector addition of forces, which may 
be analyzed into two parts, as follows: 

(a) Two forces acting in the same line on the same particle 
may be replaced by a single force which is their algebraic sum. 

This part (a) of principle 2 is all that we need, besides 
principle 1, for the dynamics of a single particle in one 
dimension. 

(b) Two forces, acting at right angles to each other on the 
same particle, may be replaced by a single force which is equal 
to the diagonal of the rectangle formed by the given forces. 

3. The Principle of the Independence of Two Perpendicu- 
lar Forces.—Suppose a particle P is acted on simultaneously 
by two perpendicular forces, F, and Fy, one of which always 
remains parallel to the x axis, and the other always parallel 
to the y axis. Then the motion of the projection, P,, of P on 
the x axis will be the same as if F, were the only force acting; 
and the motion of the projection, Py, of P on the y axis will be 
the same as if F, were the only force acting. 

These principles are not wholly independent, since either 
2(b) or 3 can be derived from the other by the aid of the 
principle of force and acceleration; on account of their sim- 
plicity, however, it seems preferable to assume them both. 

From these principles it follows that if a particle P is acted 
on by any forces in the plane, the sum of the components of 
the forces along the x axis will determine the component of 
the motion along the z axis, while the sum of the components 
of the forces along the y axis will determine the component 
of the motion along the y axis. In other words, the general 
problem of the motion of a particle in a plane reduces to two 
simpler problems, each of which can be solved by the one- 
dimensional theory. 

The extension of the method to the motion of a particle in 


_ three dimensions requires no new principles. 
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III. AND FALLING ACCELERATION. 


The theory, as so far developed, is entirely general, so gen- 
eral, in fact, as to appear rather abstract to beginners. It 
is desirable therefore to ‘‘come down to earth’’ as soon as 
possible, and see how the fundamental equation looks when 
applied to the simplest case of terrestrial force, namely, the 
force of gravity, or weight. 

Definition —The weight, W, of a body, in a given locality, 
with respect to a given frame of reference, is best defined as 
the force required to support the body at rest with respect 
to that frame in the given locality. 

Thus, if I plant a tripod in any locality on the earth (or on 
Mars), and suspend a kettle by a spring balance underneath 
the tripod, the reading of the spring balance gives imme- 
diately the local weight of the kettle with respect to the earth 
(or to Mars) ; all the measurements being made, of course, in 
terms of the standard unit of force. 

Closely connected with the weight of the body is the ‘‘fall- 
ing acceleration’’ of the body. 

Definition.—The falling acceleration of a body, in a given 
locality, with respect to a given frame of reference, is best 
defined as the acceleration with which the body, initially sup- 
ported at rest in that locality, would begin to fall (in vacuo) 
if the supporting thread were broken—this acceleration being 
measured with respect to the given frame of reference. 

I have stated these two definitions in a somewhat general 
form, so that they may apply without change to the case of a 
moving frame of reference.* We now have the following 
theorem, which holds true for either fixed or moving axes: 

THEOREM. If W is the weight of a given body, in a given 
locality, and g is the falling acceleration of that body in the 
same locality, then the ratio W/g is independent of the local- 
ity, and is a correct expression for the inertia of the body. 

The proof for the case of fixed axes follows immediately 


* First stated in this form in Science, July 30, 1915, page 161. 
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from principles 1 and 2a. The proof for the case of moving 
axes belongs later in the course. 

By the aid of this theorem (for fixed axes), our funda- 
mental equations for the motion of a single particle in a plane 
can be written in the useful form 


F,=(W/g)z, Fy= (W/g)y, 


where F, is the sum of the components of the forces along the 
x axis, 
F, is the sum of the components of the forces along the 
y axis, 
Z, y are the second derivatives of the x and y codrdinates 
of the particle with respect to the time, 
W is the weight of the particle in any locality, 
and gis the falling acceleration of the particle in that 
locality. 


The particular advantage of using the expression W/g for 
the inertia of a particle, instead of the general expression 
F'/a’, is due to the following theorem: 

THEOREM. In any given locality, the falling accelerations 
of all bodies are equal. 

This theorem can be proved from general considerations; 
or, if preferred, it may be accepted as an empirical fact. 

The locality in which gg, = 980.665 em./sec.? 32.1740 
ft./sec.* has been adopted by international agreement as the 
“standard locality,’’ and the weight of the body in that local- 
ity is called the standard weight of the body. Since, now, 
the standard value of g is the same for all bodies, we see that 
the mertia of a body is immediately determined when we 
know its standard weight. For example, if the standard 
weight of a body is 3 lbs., we know that a force of 3 Ibs. will 
give the body the standard acceleration g,. In practice, there- 
fore, we seldom need refer to the inertia of a body by its 
original compound name; we speak simply of a 3 lb. body, or 
a body whose standard weight is 3 lbs. By so doing we link 
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up the abstract general theory with common commercial 
terminology, without any loss of scientific precision. 

Any two bodies which balance each other on a beam balance 
have obviously the same local weight, and hence, by inference, 
the same inertia. It should be noted, however, that the process 
of balancing two bodies on a beam balance gives us no infor- 
mation about the inertia of either body by itself; it tells us 
merely that the inertia of one, whatever it may be, is the 
same as the inertia of the other. 

Note on ‘‘Mass’’ and ‘‘Quantity of Matter.’’—A lump of 
matter whose standard weight is 3 lbs. is often spoken of as a 
mass of three pounds; or again, such a body is often said to 
have a mass of three pounds, or to contain three pounds of 
matter. Thus if we are told that a certain body ‘‘has a mass 
of 3 pounds,’’ we are to understand that for that body W 
(in the standard locality) 3 lbs. Similarly for the kilo- 
gram, etc. 


IV. ACCELERATIONS ALONG THE TANGENT AND NORMAL. 


In writing the differential equations of motion, the axes 
of reference may be chosen at pleasure, provided they remain 
fixed throughout the discussion. It is often convenient to 
take as these fixed axes the tangent and normal! to the path of 
the particle at some fixed point, Q, of the path. Then, at the 
instant when the particle is passing through Q, its acceleration- 
components along the tangent and normal have the values 

a,=dvjdt, and ay =?/r, 
where v is the ‘‘path-velocity’’ of the particle at the instant 
in question, and r is the radius of curvature of the path at 
the point Q. 
In case the path of the particle is a circle of radius r, 
and ay = rw’, 
where »—4d6/dt is the angular velocity, in radians per unit 
of time, and 6=dw/dt is the angular acceleration. All these 
expressions are of great importance. 
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The existence of the acceleration along the normal is apt 
to surprise and perplex the beginner, and no pains should be 
spared to make the proof convincing. One method is the 
following: Let Fig. 4 represent snap-shots of the moving 


N N 
P By 5% 
Q Q 
Fig. 4. 


particle P, and let Py be the projection of P on the normal 
axis. Then, by the acceleration-component of the original 
particle P along the normal axis, we mean simply the actual 
acceleration of the point Py along that axis. Now if we draw 
a snap-shot picture of the point Py, we see at once that Py 
has a finite acceleration in the direction QN throughout the 
whole neighborhood of the instant at which it passes through 
Q. The existence of the normal acceleration being thus made 
evident, its magnitude can be readily computed by familiar 
methods of kinematics. 

We mention also the expressions for acceleration along and 
perpendicular to the radius vector in polar codrdinates: 


d (dr 1d 
a, — rw", dy 


V. FUNDAMENTAL PRINCIPLES OF THE DYNAMICS OF A SYSTEM 
OF PARTICLES. 


In the preceding sections, we have dealt only with the 
motion of a single particle. In dealing with a system of 
particles (and we shall suppose that every material body is 
composed of particles) it is important to distinguish between 
the external and the internal forces of the system. In regard 
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to the external forces, that is, those which are impressed on the 
system from without, we should note that each force has its 
own definite point of application. In regard to the internal 
forces, we require a fourth and last fundamental principle, 
as follows: 

4. Principle of Action and Reaction—When two particles 
are in contact with each other, or attract or repel each other 
according to any law like that of gravitation or magnetism, 
the interaction between them may be represented by a pair of 
twin forces, equal in magnitude and opposite in direction— 
one of the twins acting on one particle and one on the other, 
along their joining line. 

In brief, the principle of action and reaction asserts that 
the internal forces of a system occur in pairs of twin forces.* 

Two definitions are important at this point: 

Definition—Center of mass. The centroid, or center of 
mass,t of a system of particles in a plane, is a point, (Z, ¥), 
such that at every instant @ is the weighted average of the x’s 
of the several particles, and ¥ the weighted average of the y’s 
of the several particles; that is, 


W, + + Un 


* If we think of the material universe as a whole, it must be admitted 
that all forces are internal forces, and hence that all forces occur in pairs; 
but in every practical problem, what we do first is to ‘‘isolate’’ some 
definite portion of the universe; that is, we pass a knife, as it were, 
around the boundary of that portion, dissecting each pair of twin forces 
that acts across the boundary into its two constituent forces, one of which 
we regard as an ‘‘external force’’ acting on our portion, the other of 
which we ignore. Whether a given force shall be called an external or 
an internal force depends entirely on what portion of the universe we are 
‘ ‘isolating. ’’ 

t The term ‘‘center of mass’’ is intended to suggest merely the center 
of the material of which the body is composed. A better term might be 
the ‘‘center of matter.’’ The more common term ‘‘center of gravity’’ 
is apt to be misleading. 
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or in case of a continuous body, 


f 
dw’ 
(with similar expressions for ¥), where w,, w, --- are the 
standard weights of the several particles. It is easily shown 
that the position of this point with respect to the material 
system is independent of the choice of axes. 

Theorem on the Motion of the Center of Mass.—If, in a 
plane, a system of particles, of total weight W, is acted 
on by any forces, then, at any instant, 


== 


F,=(W/g)t and Fy=(W/g)y, 


where F, is the sum of the components of the external forces 
along OX, 
F, is the sum of the components of the external forces 
along OY, 
and Z, y are the acceleration components of the associated 
point which we have called the center of mass. 


This theorem enables us to determine the motion of the 
center of mass of a system without any use of the internal 
forces. 

The proof of the theorem consists simply in writing the 
differential equation of motion for each particle (taking 
account of both the external and the internal forces that act 
on that particle), and adding these equations; the internal 
forces will be found to cancel out by pairs. 

The extension to three dimensions is obvious. 

Definition. Radius of gyration about a given axis.—Sup- 
pose a body is composed of particles whose distances from a 
given axis, fixed in the body, are r,, r,, ---, fn. Then the 
radius of gyration of the body about that axis is a distance, k, 
such that the square of k is the weighted average of the 
squares of the r’s of the several particles; that is, 
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e= + + +1 


Wi Wn 


or, in case of a continuous body, 


The following properties of the radius of gyration follow 
readily from the definition: 

(a) If k is the radius of gyration about any axis, and k 
the radius of gyration about a parallel axis through the center 
of mass, then k? =k? where a is the distance between 
the axes. 

(b) In ease of a lamina in the z-y plane, if k is the radius 
of gyration about an axis perpendicular to the plane at the 
origin, then k? —k,* + k,?, where k, and ky are the radii of 
gyration about the x and y axes, respectively.* 


* The radius of gyration, k, seems to me a more tangible and useful 
quantity in dynamics than the so-called ‘‘moment of inertia.’’ If you 
ask a student to estimate by eye the moment of inertia of a baseball bat 
about an axis through one end, he will be entirely at a loss to reply. He 
probably will not know even the name of the unit in which moment of 
inertia is measured. But if you ask him to estimate the radius of gyra- 
tion of the bat about one end, he will see at once that something like 2 
feet would be a plausible answer. The ability to give an approximate 
estimate of the numerical magnitude of the quantities with which one has 
to deal seems to me a very important consideration in favor of the use of 
radius of gyration instead of moment of inertia. Furthermore, the state- 
ment of theorem (a), above, is decidedly simpler in terms of radius of 
gyration than it would be in terms of moment of inertia. A similar re- 
mark applies to the following theorems: 

(c) If a physical pendulum is swung about a fixed axis, then k*=<al, 
where k is the radius of gyration of the pendulum about the axis, a= the 
distance from the axis to the center of mass and /=the length of the 
isochronous simple pendulum. 

(d) If a submerged vertical plane area serves as a dam, then k*=zp, 
where k = the radius of gyration of the area about the water line, z =the 
distance from the water line to the center of mass of the area, and 
p =the distance from the water line to the center of pressure. 
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The student should know enough of the calculus to be able 
to find the center of mass and radius of gyration of all the 
simpler bodies by integration. 

We are now in position to study the general problem of the 
motion of a rigid body in a plane. 

First, we define the angular acceleration, 6, or o, of a rigid 
body in a plane as the second time-derivative of the angle 6 
which a line fixed in the body makes with a line fixed in the 


‘plane. Then we establish the following theorem: 


Theorem of Rotation, or Theorem of Moments about a Point 
Fized in the Body.—If a rigid body, free to move in any 
manner in the plane, is acted on by any forces, and if Q is 
any suitably chosen point fixed in the body, then, at any 


instant, 
Fp= (W/g)k*o, 


where w is the angular acceleration of the body at the instant 
in question, Fp is the sum of the moments of the external 
forces about Q at that instant, and k is the radius of gyration 
of the body about Q. Here any point Q, fixed in the body, ts 
a suitable point about which to take moments, providing either: 
(a) Q is fixed in the plane (this is the case of rotation about 
@ fixed axis) ; or (b) Q coincides with the center of mass; or 
(c) Q has a vector acceleration the direction of which passes 
through the center of mass. 

This theorem enables us to determine the angular accelera- 
tion of the body without any consideration of the internal 
forces. 

The proof of the theorem for case (a) consists essentially 
in setting up a differential equation of motion for each par- 


Neither of these theorems could be so simply stated in terms of moment 
of inertia. 

Finally, the inappropriateness of the term ‘‘moment’’ should be noted; 
for moment of inertia is not the product of an inertia and a lever arm. 
If the concept is to be used in dynamics at all, the term ‘‘spin inertia,’’ 
suggested by Professor W. S. Franklin to denote the quantity Wk’, is 


recommended. 
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ticle separately, taking account of both internal and external 
forces, and choosing the axis along the tangent to the path 
in each case. Then, after multiplying each equation by a 
suitable factor and adding, we find that the internal forces 
will cancel out by pairs. The proof for the other cases fol- 
lows without difficulty.* 

An easy way to recall to mind the form of this important 
equation is the following: consider the motion of a single 
particle, attached to a fixed axis by a weightless arm, k, and 
acted on by a single force at right angles to the arm; then 
write the differential equation of motion along the tangent to 
the path, and note thatw ko. 

These two theorems, the theorem of the center of mass and 
the theorem of rotation, bring us nearly to the end of our 
inquiry. For the principles and theorems here set forth, 
small as their number may seem, are sufficient for the solu- 
tion of any elementary problem in the motion of a rigid body 
in two dimensions, as far as the dynamics of the problem is 
concerned. The only difficulties which remain are connected 
with the solution of the differential equations of motion; these 
difficulties are of a purely mathematical sort, and will not be 
considered here. Even for problems in three dimensions, no 
new dynamical principles are required, the only complications 
which arise being chiefly of a kinematical nature. 

No discussion of dynamical principles would be complete, 
however, without mention, at least, of the useful theorem of 
work and kinetic energy, and the somewhat less important 
theorems of impulse and momentum (linear and angular). 
These theorems, while not essential for the theoretically com- 
plete solution of a problem, will often yield certain partial 
results of great value, with much less labor than the use of 
the general equations of motion would require. 


* For one method of proof, see a paper by the present writer in the 
American Mathematical Monthly, Vol. 21, pp. 315-320, December, 1914. 


561 


Re 
| 
q 
q 
= 
q 
i 
! 
: 
| 
' 
t 


LOGICAL SKELETON OF ELEMENTARY DYNAMICS, 


VI. Work AND KIneETIc ENERGY. 


Definition—The work done by a force F, during a given 
interval from t, to t,, is defined as the quantity 


U= [Pay t [Pats 


where F,, F,, Fz are the components of F along the axes, and 
dx, dy, dz refer to the projections on the axes of the particle 
P on which F acts; or, where ds is the element of are of the 
path traced by P, and Fy is the component of F along the 
tangent to the path. 


In brief, Work = Force X Distance. 


In applying this definition, it is important to note that 
every force must have a definite particle P as its point of 
application. 

Definition —The kinetic energy of a particle w, at a given 
instant, is defined as the quantity 


K.E. = (w/g) (v?/2), 


where v is the path velocity of the particle at that instant. 

To recall these definitions to mind, for the case of a constant 
force, we have merely to note the result of integrating the 
fundamental equation F—=(W/g)dv/dt with respect to x; 
the left side gives work, the right side, change in kinetic 
energy. 

Theorem of Work and Kinetic Energy.—In any system of 
particles, the total WoRK DONE by all the forces (both external 
and internal), during any interval, is equal to the total GAIN 
IN KINETIC ENERGY during that interval. But in the case of a 
rigid body, the work done by the internal forces is zero, so 
that in applying the theorem to the case of a rigid body, only 
the external forces need be considered. ; 

Note 1.—In ease of a rigid body rotating about a fixed axis 
(fixed in the body and fixed in space), the kinetic energy at 
any instant is (W/g)k?(w?/2), where k is the radius of gyra- 
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tion of the body about that axis, and is the angular velocity 
of the body. In other words, if a rigid body is rotating about 
a fixed axis, its kinetic energy is the same as if all its material 
were concentrated at a distance k from that axis. 

Note 2—.In the case of a rigid body moving in any manner 
in a plane, the total kinetic energy, at any instant. is given by 


(W/g) (6/2) + (W/g)k?(w?/2), 


where v is the path velocity of the center of mass at the given 
instant, 
» is the angular velocity of the body at that instant, 
and_ ik is the radius of gyration of the body about the center 
of mass. 


The first term of this expression is the translational kinetic 
energy (as if all the material were concentrated at the center 
of mass); the second term is the rotational kinetic energy 
(as if the center of mass were fixed). 


VII. AND MOMENTUM. 
Definition —The impulse of a force F during a given 
interval from t, to t,, is defined as a vector quantity whose 
components along the axes of reference are 


where F,, Fy, F:; are the components of F along the axes. 
In brief, Impulse = Force X Time. 


Since impulse (unlike work) is a vector quantity, we may 
speak of the component of an impulse along any fixed line, and 
of the moment of an impulse about any fixed axis. 

Definition—The momentum of a particle w at a given 
instant is defined as a vector quantity whose components along 
the axes are 

(w/g)v2, (W/g)y  (w/g)v:z, 
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where vz, Vy, Vv: are the components of the path velocity v of 
the particle at that instant. 

Since momentum (unlike kinetic energy) is a vector quan- 
tity, we may speak of the component of a momentum along 
any fixed line, and of the moment of a momentum about any 
fixed axis. 

To recall these definitions to mind, for the case of a con- 
stant force, we have only to note the result of integrating the 
fundamental equation F —(W/g)dv/dt with respect to ¢; 
the left side gives impulse, the right side change in momentum. 

Theorem of Linear Impulse and Momentum.—In any system 
of particles, the total IMPULSE of all the external forces, in any 
given direction, during any interval, is equal to the total GAIN 
IN MOMENTUM in that direction during that interval. 

Note. In the case of any system of particles, whether rig- 
idly connected or not, the total momentum in the z-direction, 
at any instant, is given by 


(W/g) vz, 


where ¥; is the velocity component of the center of mass in 
that direction. In fact, the theorem of linear impulse and 
momentum is merely a corollary of the theorem on the motion 
of the center of mass. 

Theorem of Angular Impulse and Momentum, or Theorem 
of Moments about an Axis Fixed in Space——In any system of 
particles, the total MOMENT OF IMPULSE of all the external 
forces about any fixed axis, during any interval, is equal to 
the total GAIN IN MOMENT OF MOMENTUM about that axis, dur- 
ing that interval. 

Note 1.—In case of a rigid body rotating about a fixed axis 
(fixed in the body and fixed in space), the moment of momen- 
tum about that axis at any instant is (W/g)k*w, where k is 
the radius of gyration of the body about that axis, and o is 
the angular velocity of the body. In other words, if a rigid 
body is rotating about a fixed axis, its moment of momentum 
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about that axis is the same as if all its material were concen- 
trated at a distance k from the axis. 

Note 2.—In the case of a rigid body moving in any manner 
in a plane, the total moment of momentum about any point 
O fixed in the plane, at any instant, is 


(W/g)pv + (W/g)k*o, 


where is the angular velocity of the body at the instant in 


question, 
pv is the moment about O of the path velocity of the 
center of mass at that instant, 


and_ & is the radius of gyration of the body about its center 
of mass. 


The first term of this expression is the moment of the 
translational momentum of the body (as if all the material 
were concentrated at the center of mass) ; the second term is 
the moment of the rotational momentum of the body (as if 
the center of mass were fixed). 


VIII. Notre oN THE FUNDAMENTAL PRINCIPLES OF STATICS. 


Problems in statics can always be regarded as special cases 
of problems in dynamics in which the velocity is zero, so that 
the theory of statics is completely covered by the theory of 
dynamics. If, however, one wishes to study statics by itself, 
before taking up the study of dynamics, it is interesting to 
note that the following four fundamental principles are suffi- 
cient as a logical foundation for statics. 

A. Principle of the vector addition of forces [see 2, above]. 

B. Principle of the transmissibility of forces ina rigid body: 
Any force acting on a rigid body may be shifted at pleasure 
along its line of action. 

By the aid of these principles A and B, any set of forces 
acting on a rigid body can be ‘‘boiled down”’ either to a single 
force, or else to a single couple (that is, a pair of equal forces 
acting in opposite directions along parallel lines). This force, 
or couple, is called the resultant of the given set of forces. 
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C. Principle of static equilibrium: Suppose a rigid body is 
acted on by a set of forces which ‘‘boil down,’’ by principles 
A and B, to zero; then if the body was initially at rest (with 
respect to a fixed frame of reference), it will remain at rest 
(with respect to that frame). 

D. Principle of action and reaction between two bodies [see 
4, above]. 

The concepts of acceleration and inertia are not required 
in statics. 

IX. Systems or Derivep UNIrts. 


The units of measurement employed in mechanics divide 
themselves into (1) units for the fundamental quantities, 
force, length, and time; and (2) units for the derived quan- 
tities, such as velocity, acceleration, work, energy, ete. 

The fundamental units may be chosen at pleasure. The 
derived units are defined in a systematic manner, in order to 
avoid much unnecessary labor in computation. For example, 
if the unit of length is the foot, the systematic unit of area is 
the square foot (ft.*), not the acre. 

The fundamental units of force, length, and time which are 
adopted as the basis of any system of units must of course be 
so defined as to be capable of exact reproduction at any future 
time; and these definitions, uninteresting as they properly 
are to the beginner, form an essential part of the logical 
skeleton of the science. Thus: 

The kilogram force (1 kg.) is defined as the force required 
to support a certain carefully preserved lump of metal called 
the ‘‘international standard kilogram,’’ in vacuo, in the 
standard locality. (Here the ‘‘standard locality,’’ as fixed by 
the International Bureau of Weights and Measures, Paris, 
1901, means any locality where g—g,— 980.665 cm./sec.* 
= 32.1740 ft./sec.*, this being approximately the value of g 
at 45° latitude, sea level.) The dyne —1/980665 kg. 

The pound force (1 lb.) is defined as the force required to 
support another carefully preserved lump of metal, called 
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the ‘‘standard pound avoirdupois,’’ in vacuo, in the standard 
(1 Ib. = 0.4535924 --- kg.) 

The meter length (1 m.) is defined as the distance, at the 
temperature of melting ice, between two scratches on a certain 
carefully preserved metal bar, called the ‘‘international stand- 
ard meter.’’ The foot (1 ft.) is defined, in the United States, 


locality. 


TABLE 


I 


Practical Systems of Derived Units, as Actually Used by Engineers and 
Pure Scientists. 


| | 
Name of Unit Name of Unit in Unit in the || Dimensions 
| System. System. 
FORCE Fundamental Ib. kg. dyne F 
Length Fundamental ft. cm. L 
Time Fundamental sec. 
Velocity Length per /sec. lm. /sec em. /sec. ||L/T 
unit time 
Acceleration | Velocity per |ift. /sec*. m. /sec?. em. /sec?, ||L/T? 
unit time 
Pressure Force per Ib. /ft?. kg. /m? dyne/cm?,||F'/ Z* 
unit area 
Impulse, or |ForceXtime ||Ib.-sec. kg. -sec. dyne-sec. ||F'T' 
omentum 
Work, or Force dist. ||ft.-Ib. kg.-m dyne-cm. ||FL 
Kin. energy 
Power Force veloc.|ft.-lb./sec. (kg.-m./sec. |dyne- FL/[T 
cm. /sec. 
Inertia Force per lb. per kg. per dyne per ||F/(L/T?) 
unit accel. || (ft. /sec®. ) m. ) (cm. /sec?.) 
[=1 “‘slug’’]|[=1 ‘‘metric'[ = 1 
slug’’]|‘‘ Gram 
| mass 


in terms of the meter, through the relation 1 meter 39.37 


inches (where 12 inches—1 ft.). 


=0.01 m. 


The centimeter (1 em.) 


The second of time is defined as 1/86400 of a mean solar day. 
The three most important systems of units are the |b.-ft.-see. 
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system, the kg.-m.-sec. system, and the dyne-cm.-sec. system 
(the last being commonly called the ‘‘c¢.g.s.’’ system). The 
names of the principal derived units in each of these three 
systems are shown in Table I, where the symbol / is to be 
read ‘‘per.’”’ 

All the units in this table, except the units of inertia, are in 
everyday practical use, the first two systems being preferred 
by engineers, the third by physicists.* 

The units of inertia, as already explained, are seldom 
required, the inertias, or masses, of two bodies being most 
readily compared by means of their standard weights as deter- 
mined by weighing on a beam balance. The commonly used 
units of mass are the pound mass and the kilogram mass; such 
systematic units as the ‘‘slug’’ (= 32.1740 pounds mass), and 
the ‘‘metric slug’’ (= 9.80665 kilograms mass) are never used 
in practice. 

APPENDIX. 


In spite of the simplicity and familiarity of the systems of 
units shown in Table I, most text-books make the attempt to 
impose upon the student’s attention a different and unprac- 
tical group of systems, namely, systems in which the derived 
units are based on mass, length, and time, instead of on force, 
length, and time. That this attempt has not been successful 
outside of the text-books is sufficiently shown by Table II, 
where the names of the units systematically derived from 
mass, length, and time are given in a form in which they may 
be readily contrasted with the units of Table I. It will be 
seen that not one of the units of pressure, work, power, etc., 
named in Tabie II is in practical use, either in engineering 
or in pure science. It is earnestly to be hoped that all these 


* Other units, which do not belong to any system, are also in use, and 
are sometimes convenient for special purposes. For example, 1 atmos- 
phere = 14.70 Ib./in.2; 1 horsepower = 550 ft.-lb./sec.; 1 joule 10" 
dyne-em.; 1 10' dyne-cm./sec.; ete. Every such non-systematic 
_unit, if used at all, should be defined explicitly in terms of one of the 
systematic units of the same kind. 
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superfluous units will eventually be dropped from the text- 
books. 

A comparison of these two tables—Table I simple and 
familiar, Table II strange and artificial—provides one of the 


TABLE II 
A Useless Complication, Still Found in Many Tezt-books. 
‘Name of Unit! Name of Unit | Name of Unit || 
Dynamical jin the Sch | in the I in the Schol 
Quantity. Derivation. tie British Sys- tic Continental, tic “C. G. 8.” 
i tem. System. | System. * M, L, T. 
MASS ‘“‘Fundamental’’) Lb. Kg. 
Length Fundamental jm. cm 
Time Fundamental _|‘sec. mes sec. | 
Velocity {Length per ft. /sec. lcm. /sec. —jcm./sec. 
unit time | 
Accelera- | Velocity per ft. /sec?. em./sec®. jcm./sec®. 
tion unit time 
Pressure |Mass-accel’n Lb. per g- per Gm. per M/(T?L) 
per unit area || (sec®.-ft.) | (sec*.-m.) |(sec?.-cm. ) 
Momentum,|Mass veloc. _||Lb.-ft. /sec. |Kg.- Gm.- \ML/T 
or Impulse m. /sec em. /sec 
Kin.energy,| Mass (veloc. Lb.-ft®./sec”. | Kg. - ‘Gm.- \ML? / T? 
or Work m?, /sec®. | cm?, /sec?.|| 
Power Maas-(veloc.)? ||Lb.-ft?./sec®. | Kg. - m.- |, ML? 
per unit time m2, /sec*. | /sec’.| 
Force Mass Xaccel’n ||Lb.-ft. /sec®.| Kg. - Gm.- 
| /sec?. cm. /sec*, 
‘poundal’’ 


best arguments in favor of the use of force rather than mass 
as the principal undefined concept of dynamics. The only 
reason why the text-books so insistently base their derived 
units on mass instead of on force is apparently that a standard 
lump of metal is easier to preserve in a museum than a stand- 
ard spring balance. But this is no argument for the logical 
priority of mass over force. As a matter of fact, the funda- 
mental unit of force is as easy to preserve as the fundamental 
unit of mass, though the method of doing so does not consist 
in simply storing away a spring balance. Every considera- 
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tion of logical simplicity and practical convenience speaks in 
favor of Table I as against Table II. 

Finally, it should be noted that it is not possible to take 
both force and mass as fundamental units, without giving up 
the whole idea of systematic derived units. Every attempt 
to treat the units of foree and mass as equally fundamental 
proves to be really a definition of one of them in terms of 
the other, so that the necessity of choosing between Table I 
and Table II cannot in that way be escaped.* 


* This matter is closely related to the question of the choice between 
F/F’ = a/a’ and F = ma as the fundamental equation of mechanics. On 
this question reference may be made to a recent controversy between the 
present writer and Professor L. M. Hoskins in Science (December 4, 
1914; February 5, April 23, July 30, and September 10, 1915; March 3, 
June 30, September 8, and October 27, 1916). 
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ELECTRICAL LABORATORY INSTRUCTION FOR 
LARGE CLASSES. 


BY PHILIP S. BIEGLER, 
Assistant Professor of Electrical Engineering, University of Illinois. 


During the last two or three years the scheme of instruction 
in the electrical laboratory at the University of Illinois has 
undergone considerable revision. No very startling changes 
have been made; but some time-honored methods have been 
tested,in a spirit of impartiality and liberality with the result 
that they have been changed or abandoned. These results 
may be of interest even though local circumstances may 
greatly affect the laboratory plan in any institution. 

Before entering into a discussion of the details of labora- 
tory instructional methods it might be well to review some of 
the principal purposes for which laboratory courses are de- 
signed. Chief among these is the function of driving home 
or clinching the fundamental theory taught in the class room. 
For instance, it is seldom that a full understanding of the 
elementary characteristic curves of electrical machines is ob- 
tained before the student has derived these curves from actual 
tests in the laboratory. Without a certain familiarity with 
the constructional details of apparatus, acquired in the labora- 
tory, the study of them is apt to be somewhat vague to the 
student.. It is also well for the student to get the habit of 
verifying theoretical conclusions by actual experiment. The 
laboratory courses give a certain amount of confidence and 
judgment in testing, erecting and operating machinery. It 
does not appear to be wise, however, to sacrifice bottom theory 
for the sake of training students in commercial testing. 
These courses may also develop an inclination for, and the 
ability to carry on, research investigation. 

The experience of the writer has been that the ideal scheme 
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of instruction is that in which the same man teaches the theory 
and the accompanying laboratory course. In this respect the 
smaller schools, in which the classes are not divided into sec- 
tions, undoubtedly have some advantages over the larger and 
more opulent institutions. But in the large universities it is 
seldom expedient to have an instructor teach the same students 
in both class-room and laboratory. And out of this situation 
arise some of the most difficult problems in laboratory instruc- 
tion. 

When the laboratory period occurs but once a week the 
student will appear for class with very little notion of what 
he is going to do and how he is going to do it unless some 
very careful plan is made and carried out to prepare him for 
his laboratory experiment. Another common difficulty is the 
tendency of the student to forget all about his report as soon 
as it has been aeccepted—to mentally pigeon-hole the whole 
proposition. And, finally, in the larger institutions, it be- 
comes a considerable undertaking for the instructor to cor- 
rect a large number of reports, just as, in the case of a stu- 
dent, when it is necessary to write a report each night as well 
as to prepare for recitations on the following day, this pro- 
gram becomes more or less of a grind. 

These are some of the problems encountered in electrical 
laboratory instruction at the University of Illinois, and it is 
to explain the methods developed to overcome these difficul- 
ties that this paper is written. 

With regard to the matter of preparing students for the 
laboratory period there are a few methods employed which 
have come into more or less general use. In some cases the 
student is assigned certain references which he is to read and 
upon which he is to write a ‘‘preliminary report’’ before he is 
permitted to do the actual experiment. This appears to be a 
fairly satisfactory plan, since the student must, at least, have 
read a part of the references; but there are several objections 
to it. The student is inclined to do this work in careless 
fashion, even copying from the reference, word for word, 
where possible, since this report is of minor importance. 
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Then, again, it adds enormously to the routine correction and 
bookkeeping required of the instructor, already burdened too 
heavily in this respect. To him, also, the preliminary report 
is apt to be of secondary importance, and, between the stu- 
dent and the instructor, such a preparatory scheme is very 
apt to be poorly done. 

Another variation of the same plan is that in which refer- 
ences are given out beforehand and the student is subjected 
to an oral quiz during the first part of the laboratory period. 
This, again, is often slighted for the reason that many experi- 
ments require practically the whole period, leaving too little 
time for a satisfactory quiz. The plan is especially difficult 
if the various groups in the section are performing different 
experiments. 

In certain other universities no attempt is made to give 
experiments in logical order, the idea being, perhaps, that 
economy in apparatus may be effected if the groups are work- 
ing on different classes of apparatus during any period. This 
plan may involve experiments on induction motors, for in- 
stance, in the first semester and the class-room study of them 
in the second semester. In general, the writer believes this to 
be very poor practice. Few students are capable of under- 
taking the study of a machine of which they know very little 
and getting at the vital facts in a limited laboratory period. 
Practically, the student blindly follows certain instructions 
given him, has little to do with the planning of the experi- 
ment and does not fully understand his results. Such a plan 
might work where there are only a few students in the labora- 
tory at the same time, but it is hardly satisfactory in the 
larger engineering schools where careful organization is neces- 
sary. 

At the University of Illinois a method has been practiced 
for the past two years which has proven very satisfactory. 
In addition to the three-hour laboratory period an hour is set 
aside for a lecture on the subject of the laboratory experiment 
which is to follow. In this particular case half of the class 
appears at a time for the lecture; so that the number of stu- 
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dents may be small enough to permit informal discussion. 
The experiments are so planned that they are undertaken 
at a time when the student is studying the same machine 
or problem in the class-room course. The discussions in this 
lecture period are often so lively that they must be cut short 
for lack of time. Portable blackboards are, however, pro- 
vided in the laboratory which permit further quiz and dis- 
cussion at the beginning of, or during, the laboratory period. 
It is evident that this scheme at least insures considerable 
thought, on the part of the student, preparatory to perform- 
ing an experiment. It is also possible ta bring before all of 
the students necessary suggestions without repeating them to 
each section. The plan is particularly suited to a two-credit- 
hour course, involving six hours of actual work—one hour in 
the lecture room, three in the laboratory and about two hours 
writing the report. It is also best adapted to institutions 
where laboratory equipment permits giving all of the students 
in a course the same experiment during one week. With the 
exception of two or three experiments each semester, this is 
now possible at the University of Illinois. 

Before proceeding it might be of interest to suggest that it 
is not always unreasonably expensive to provide apparatus 
with which a dozen students may all carry on the same ex- 
periment during one period. This apparatus should not be 
exactly duplicated, excepting for special purposes, but should 
be selected to represent a wide range in design. Certainly a 
number of different induction motors may be provided to ad- 
vantage. In the case of direct current motors and generators, 
transformers and alternators a plentiful supply is quite neces- 
sary whatever the laboratory scheme. The plan of having 
a whole section working on the same experiment is, moreover, 
decidedly economical in the matter of instructors and the in- 
structor’s time. 

It should also be borne in mind that there is a decided ad- 
vantage in meeting students in a given course twice a week, 
instead of once a week, to prevent interest in the work from 
waning from period to period. 
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Another question which has long engaged the attention 
of teachers in electrical laboratory work is the matter of re- 
port writing and correction. Most teachers probably agree 
that, when the student has to write five or six laboratory re- 
ports per week, he probably spends too much time on the 
mechanical part of this work. Certainly, when he writes a 
report every night he should not be expected to spend three 
or four hours on it and do much studying in addition. Again, 
when reports are written out in the old-fashioned way with 
page after page of ‘‘apparatus,’’ ‘‘theory,’’ ‘‘method,’’ etc., 
an instructor with many reports to correct naturally over- 
looks these embellishments and turn his attention immediately 
to the curve sheets, calculations and discussion—the vital part 
of the report. Why not, then, boil down the report to a mini- 
mum? The following outline contains the essentials of a re- 
port on almost any laboratory experiment : 

1. Object of experiment. 

2. References. 

3. Diagram of .connections. 

4. Curve sheets. 

5. Data and calculations. 

6. Conclusions. 
It will be observed that ‘‘theory,’’ ‘‘method,’’ ete., have been 
omitted. These are commonly copied almost directly from 
the laboratory manuals and usually overlooked by the men 
correcting the report. Some quiz system evidently should 
serve the purpose better. The diagram of connections should 
not, in the author’s opinion, be an elaborate mechanical draw- 
ing. It is far more useful to the student to cultivate the 
ability to make a respectable freehand diagram, even though 
a fine mechanical drawing may appeal to the eye. Curves 
should, of course, be carefully and intelligently drawn, and 
no attempt has been made to save time in their execution. 
Conclusions, too, should be carefully but concisely put down. 
They should be original matter and are of great importance 
on that account. 

Another attempt to cut down the time required of both 
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student and instructor for reports has been made by having 
the student report on only part of the experiments. But ex- 
perience with this method has not been at all satisfactory. 
Even the best students do not grasp and retain what may be 
learned from an experiment on which they do not report. 

Then, after reports are accepted, the duties of the instruc- 
tor should not end, for most students are inclined to forget 
all about an experiment once the report is accepted. Natu- 
rally, one does not wish a student to remember unimportant 
details, but he should assimilate what is important in method 
or conclusions, in order to build upon what he already has. A 
written quiz about once a month has a very excellent effect in 
causing the student to review back experiments and thus get 
them well organized in his mind. Without some such review 
he is apt to have a vague understanding of experiments per- 
formed a month or two back. 

At ‘‘Illinois’’ the old custom of keeping all reports until 
the student has been graduated has been abandoned, with 
the idea that the accepted reports may be very useful to the 
student when he reviews experiments. Presumably, reports 
have been withheld from the men in the past because it was 
feared that copying or ‘‘cribbing’’ would result. This pros- 
pect is not alarming in the case of the electrical department 
at the University of Illinois. In the first place, the honor 
system is in very successful use in this department. Again, 
reports are boiled down to such a point that the instructor 
could probably detect most cases of fraud. About the only 
chance the student has for copying is in answering questions 
proposed in connection with reports. But these questions, 
of course, are changed from year to year. It would not profit 
a student to hold back his report until others had been re- 
turned, because he may not proceed with a new experiment 
unless he reports on the old experiment within two weeks. 
The chief object of this disposition of late reports is, of 
course, to develop the men in the habit of completing work 


_ promptly and while the details are fresh in mind. It also 


saves some students from falling hopelessly behind. | 


576 


| 
H 
| 
t 
+ 
; 
4 
ay 


ELECTRICAL LABORATORY INSTRUCTION. 


Turning to the division of classes among the instructors, 
one instructor should handle an entire course where possible, 
thus preventing confusion due to different requirements by 
different instructors. In case a course is too heavy for one 
instructor the number of men giving instruction in it should 
be as small as possible. And, where several instructors are 
teaching the same course or using the same apparatus, fre- 
quent meetings (weekly, perhaps) of instructors should be 
held so that there will be agreement and understanding in the 
matter of requirements, assignment of apparatus and any 
other items of common interest. It is more or less demoraliz- 
ing for one instructor to direct students to do one thing and 
then have these requirements changed by another instructor. 

In any discussion of laboratory practice ideas regarding 
the encouragement of independence and self-reliance on the 
part of students are, of course, in order. That these char- 
acteristics should be developed is almost an axiom, yet it seems 
to the writer that an instructor may readily go too far in the 
matter and pay no attention to the men while an experiment 
is in progress. With elementary students, particularly, the 
instructor should make frequent trips through the laboratory 
to see that all of the men understand what they are doing, 
to suggest better ways of doing things and to see that the 
brighter or more aggressive men are not doing the experiment 
while the slower men follow along as best they may. Neglect 
of the students should not pass with the explanation that the 
men are being trained in independence. 

The system of laboratory instruction just described is one 
which has been in the process of development for a number 
of years and in which all members of the instructional staff 
in electrical engineering have been interested. Although the 
writer considers the results of these methods highly satisfac- 
tory, he is not at all inclined to believe that the ‘‘Illinois’’ 
way is correct and that all others are inferior. If, however, 
in the discussion of the subject better schemes should be pro- 
posed this contribution will, at least, have served a purpose. 


577 


q 
§ 


4 


EDITORIALS. 


THE 1917 MEETING. 


It was the expectation of the Program Committee to publish 
in this number of ENGINEERING EpucaTIOoN, the complete pro- 
gram of the 1917 meeting to be held at Northwestern Univer- 
sity, June 27-30, 1917, but due to certain changes which it ap- 
pears advisable to make on account of the conditions existing 
throughout the country, it has been decided not to publish the 
program. A complete copy of the program will be mailed to 
every member of the Society on or before June 1. 


MEETING OF COLLEGE PRESIDENTS IN WASHINGTON, D. C., May 5. 


Dr. Hollis Godfrey, Vice-president of the Society and a mem- 
ber of the Advisory Commission of the Council of National 
Defense, called a meeting of college presidents in Washington, 
May 5, to consider the relations of colleges and universities of 
this country to the Federal Government during the war. This 
conference was attended by over 180 college presidents and 
was undoubtedly the most representative group of such men 
ever brought together. The institutional members of this So- 
ciety were represented by President C. S. Howe, Case School 
of Applied Science, who was appointed by Dr. Godfrey, Chair- 
man of the Institutional Committee, to represent him. The 
conference adopted a statement of principles and outlined the 
general procedure for colleges and universities and listened to 
several excellent addresses on the relations of colleges and 
universities to the Federal Government, including a remark- 
able address by Secretary of War Baker. It is hoped that 
some of these addresses together with the resolutions adopted 
at this conference may be published in the June number of 
ENGINEERING EpucCATION. 
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OTHER SOCIETIES. 


SOCIETY NOTES. 


Committee No. 12, English, is again working under diffi- 
culties by reason of the illness of the chairman who has under- 
gone a very serious operation, from which he is slowly recov- 
ering. The Committee asks the patience and codperation of 
the members in assisting in this educational work of the 
Society. If the members have anything to contribute on the 
subject of attitude of employers, they are requested to address 
Professor J. M. Telleen, Case School of Applied Science, 
Cleveland, Ohio. Also communicate regarding the relations 
of teachers of English to engineering with Professor C. F. 
Parks, Massachusetts Institute of Technology, Cambridge, 
Mass. ; Professor Frank Aydelotte, Massachusetts Institute of 
Technology, Cambridge, Mass.; Professor C. W. Park, Uni- 
versity of Cincinnati, Cincinnati, O., and Professor C. A. 
Smith, University of Virginia, University, Va. 

Prof. Robert L. Rockwell, head of the department of elec- 
trical engineering of the Seattle Engineering School for the 
past five years, has resigned his position and formed a part- 
nership with Mr. Henry R. Stevens, a consulting electrical 
and mechanical engineer of 702 Securities Bldg., Seattle. 
They are now conducting a consulting electrical and mechan- 
ical engineering business at 955 Empire Bldg., Seattle, under 
the firm name of Stevens & Rockwell, Consulting Engineers. 


OTHER SOCIETIES. 


It is noteworthy that at the eighteenth annual banquet of 
the American Railway Engineering Association, held in 
Chicago on March 21, the three speakers were men related 
primarily to engineering education. William Mynn Thorn- 
ton, A.B., C.E., LL.D., dean, department of engineering, 
University of Virginia, spoke on ‘‘The Basis of Professional 
Ethies for Engineers’’; Sir William Peterson, K.C.M.G., 
LL.D., Litt.D., principal, McGill University, Montreal, spoke 
on ‘‘Sister Democracies’’; and Samuel O’Dunn, editor of 
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COLLEGE NOTES. 


the Railway Age Gazette, spoke on ‘‘The Interest of Private 
Property in Railway Regulation.”’ 

The first and third of these addresses are given in full, 
together with an abstract of the second address in the Railway 
Age Gazette, Vol. 62, page 599, March 22, 1917. 


COLLEGE NOTES. 


University of Michigan.—A new experimental hydraulic 
flume, built through the generosity of the Detroit Edison 
Company at their Argo Dam at an expense of $1,300, was 
opened for the use of the Engineering College on the 11th of 
November. The flume has a total length of 138.42 feet, 36.1 
feet of which is 8 feet wide and 8.75 feet deep, while the main 
testing section, which is 102.42 feet long, is exactly 6.56 feet 
wide and 8 feet deep. The flume is equipped with two sets 
of adjustable baffles, one set being vertical and one horizontal. 
It has at one end a standard Bazin weir, with an installation 
of four gages for observing the ‘‘head.’’ The capacity of the 
flume and the available water supply at practically a constant 
head gives this Michigan flume the distinction of being 
excelled by no other experimental flume in this country. It 
has proved absolutely water-tight so that no leakage correc- 
tions have to be introduced into the experimental calculations. 
It will prove of great value to the College in its experiments 
with aérated and submerged weirs, V-notch weirs, free and 
submerged orifice, current meters, Pitot tubes, chemical and 
color gaging, ete. 


New Mexico College of A. and M. Arts.—The demand for 
engineers has brought about two faculty changes in the engi- 
neering school of the New Mexico College of Agriculture and 
Mechanie Arts. Mr. R. Matthew, construction and irrigation 
engineering teacher, has taken up work with a consulting 
engineers’ office in Los Angeles, California. Mr. P. T. Welles, 
instructor in practical mechanics, has taken up garage work 
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COLLEGE NOTES. 


in Silver City, New Mexico. Mr. J. W. Jourdan, a graduate of 
Purdue University and recently of the United States Reclama- 
tion Service, will take Mr. Matthew’s place and Mr. W. E. 
Tarbel, of the Los Angeles Y. M. C. A. Automobile School, 
will carry on the work in automobile practice. 

At a recent meeting of the New Mexico Electrical Associa- 
tion Professor R. W. Goddard read a paper on Are Welding 
for the Central Station, and Dean A. F. Barnes brought up 
the matter of the new Southwestern Society of Engineers. 

The Engineers’ Club has heard a number of interesting 
lectures .:ecently. The last meeting was addressed by Mr. 
Graf, of the American Mills Company, through the cour- 
tesy of Mr. Seward, of the Western Metals Manufacturing 
Company. An illustrated lecture was also given by Professor 
Hitchcock on the Lake Spaulding Development Company. 
The slides were furnished by the courtesy of the Pelton Water 
Wheel Company. 


Purdue University.—The week of January 15 to 20 inclus- 
ive saw two notable engineering conventions at the Uni- 
versity. 

During the first part of the week sessions of the Road 
School were held with many city engineers, county road 
superintendents and other county officers in attendance. 
Lectures were given by visitors and by members of the faculty 
on the various details of road construction and demonstrations 
were given in the laboratories on tests of various road mate- 
rials. The school was in charge of the school of civil engineer- 
ing of the University. 

Thursday, Friday and Saturday of the same week were 
given to the annual convention of the Indiana Engineering 
Society which met here for the first time in several years. 
Professor L. W. Wallace, of the University and President of 
the Society, presided at the meetings and made the opening 
address. Some of the prominent speakers from outside were 
General Anson Mills, U. S. A. retired, Mr. Peter Junkersfeld, 
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BOOK REVIEWS. 


of the Commonwealth Edison Company of Chicago, Mr. Har- 
rington Emerson, the well-known efficiency expert, and Pro- 
fessor F. H. Newell, of the University of Illinois. 

On Thursday evening the laboratories and shops were open 
for general inspection by visitors and the various machines 
and apparatus were in operation. It is estimated that 
upwards of two thousand people attended this exhibition. 

The convention closed with a banquet at the Hotel Fowler 
with Professor Newell as the principal speaker. Professor C. 
F. Harding was elected President of the Society for the ensu- 
ing year. 


A. and M. College of Texas.——Dean D. W. Spence was 
granted indefinite leave of absence on March 1 on account of 
illness. Prof. F. C. Bolton has been designated as acting dean 
of engineering during the absence of Dean Spence. 

Contracts have recently been let for the erection of a new 
auditorium, a veterinary science building, an agricultural 
experiment station building and for the completion of the 
power plant. The contracts amount to about $350,000. 

The Legislature has recently provided for the establishment 
of a West Texas A. and M. College and for three Junior 
Agricultural and Mechanical Colleges under the supervision 
of the board of directors of this College. 


BOOK REVIEWS. 


Modern Framed Structures. By J. B. Jounson, C.E., C. W. 
Bryan, C.E., and F. E. Turneaure, C.E. John Wiley & 
Sons, Ine. 1916. 8vo, cloth, 486 pages. $4.00 net. 

This is an excellent book by authors who are eminent in 
structural design.* Styles of structures and determining con- 
ditions are taken up first. This is followed by two chapters 


*It is the third part in the revision of the comprehensive volume 
‘Theory and Practice of Modern Framed Structures,’’ by the same 
authors in 1893. 
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BOOK REVIEWS. 


on tension and compression members, bending and secondary 
stresses, and riveted joints. The theory and design of plate 
girders, truss bridges, and roof trusses are treated in a thor- 
ough manner—an actual design for each type being com- 
pletely worked out, including folding plates of detail draw- 
ings. Appendix A contains general specifications for steel 
railway bridges. Appendix B contains designing standards, 
and Appendix C is devoted to the theory of unsymmetrical 
bending. Certain parts of the text are intended for use with 
reference to Parts I and II by the same authors. 

The book is intended for use as a text in engineering 
schools, but may also be classed as a valuable reference book. 

J. H.S. 


Engineering as a Vocation. By Ernest McCuuuovues, C.E., 
Consulting Civil Engineer, Chicago, Ill. David Williams 
Company. 1912. 201 pages. 5} 8 cloth. 

As stated by the author, ‘‘this book is published for the 
information of parents in order that they may act wisely in 
selecting a career for their sons.’’ It might further be stated 
to be an excellent guide to those in charge of any form of 
vocational guidance. The subject matter is excellently and 
logically arranged and contains much pithy advice, which, if 
wisely absorbed by engineering students, would lead to greater 
satisfaction in engineering work. The chapters on ‘‘The 
Education of the Engineer’’ and ‘‘Does it Pay to Study 
Engineering?’’ are especially well presented. The book as 
a whole is well deserving of careful reading. 

J. W. H. 


Physical Laboratory Experiments for Engineering Students. 
By Proressors SHELDON and HausMANN, Polytechnic Insti- 
tute of Brooklyn. D. Van Nostrand Co. 1917. 5x 7}. 
134 pages, 40 illustrations. $1.25 net. 

A new and attractive manual, well printed, with excellent 
illustrations. The subjects treated are: mechanics, heat and 
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E light with one experiment on sound; thirty exercises in all 
with eight pages of tables of physical constants. 

Of the more unusual experiments the measurement of the 
Coefficient of Testitution and Hardness by the Scleroscope and 
the Calibration Curve of a Venturi Meter are particularly 
interesting to the engineer; while the determination of the 
Curvature of the Cornea of the Eye with the Ophthalmometer 
seems better adapted, perhaps, to the needs of the medical 


student. 

4 The volume deserves success as a laboratory guide, and as a 
i handy book of reference. 

G. G. B. 
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Master Workman’-— 


The great builder is Electricity. With 
its aid your engineers daily accomplish 
new feats of construction and operation. 
Enormous bridges, great dams, immense 
ships, docks, dikes and tunnels are car- 
ried to swift completion—Electrically. 
Electricity controls the lock gates of the 
Panama Canal. Electric locomotives tow 
the great ships through. The traffic of 
the East and West crosses the backbone 
of our continent on electrically hauled 
trains. 

The cloth in your suit was undoubted- 
ly woven by an electric loom, cut by an 
electrically driven knife, and put to- 
gether on an electrically driven machine. 
In an ever widening field this greatest 
SERVANT of mankind is performing the 
labors of men’s hands and tiring muscles. 


In the development and improvement of 
the ways of applying the forces of Elec- 
tricity, it has been the distinction of the 
General Electric Company to play a lead- 
ing part. Through its great Research 
Laboratories, engineering organization 
and extensive manufacturing plants, 
ALL that has been learned in each field 
of electrical endeavor has been applied 
to the furtherance of every other field. 
And when you have any problem’ of 
light, heat, power or transportation, 'or 
when you buy any piece of electrical 
apparatus—remember the experience and 
knowledge summed up by the monogram 
G-E and that it stands for 


“ The Guarantee of Excellence on 
Goods Electrical” 6590 


General Electric Company 


SCHENECTADY, N. Y. 


Sales Offices in Principal Cities 
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“‘JAGABI” LABORATORY RHEOSTATS 


The new Jagabi Sliding Contact Tube Rheostats (made in America) are prov- 
ing very popular in Engineering and Research Laboratories. Windings are 
carried on enameled steel tubes, 16 inches long by 1.6 inches in diameter, and 
ratings vary from 0.7 ohms, with 25 amperes capacity, to 3200 ohms, with 
0.3 amperes capacity. 

Write for Bulletin 862, which gives full particulars. 


JAMES G. BIDDLE 
(211-13 ARCH STREET PHILADELPHIA 
When in Philadelphia, be sure to visit our Permanent Exhibit. 


The Leeds & Northrup Co. 


Electrical Measuring Instruments 
of Precision 


for use in Engineering Laboratories 


Our publications contain much scientific information 
of interest to Engineers. If you are not receiving this 
literature may we place your name upon our mailing list ? 


4910 Stenton Ave. PHILADELPHIA 
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Know What Positions are Open 


Most vacancies in engineering faculties and teaching 
staffs are not generally known until the positions are 
filled. 

By having your name on file with us, we watch the 
field for you, keeping you informed of good opportunities 
for‘advancement. 

We furnish descriptions of existing vacancies from 
which you can select those for which you wish to ‘apply. 
Our service is confidential. 


Send for professional record form 
The Engineering Agency 


1601-1662 Monadnock Agency 
CHICAGO, ILL. 


D.C. Miniature Precision Instruments 


The same degree of mechanical and electrical excellence which has won 
pre-eminence for the larger Weston Models is embodied in these wonderful 
little masterpieces of the instrument maker’s art. The finest watch is a less 
striking example of perfection in refined workmanship. They are accurate, 
dead-beat, extremely sensitive. They are shielded against external electrical 
and magnetic influences. Despite their great refinement in workmanship, 
they are very substantially constructed and have the longest scale ever pro- 
vided in instruments of similar size. In short, they are the finest develop- 
ment of small instruments of the pivoted moving coil, permanent magnet type. 
And the prices are low. 

The several models and ranges offer a selection from over 300 different 
combinations. The Switchboard Instruments are listed in Bulletin No. 20 
and Portable Instruments in Bulletin No, 501. They will be mailed upon 
request, 


WESTON ELECTRICAL INSTRUMENT COPMPANY 
3 Weston Avenue, Newark, N. J. 


New York Boston Chicago St. Louis San Fr Winmpeg London 

Philadelphia Richmond Cincinnati Detroit Montreal Vancouver Paris 

Pittsburgh Buffalo Cleveland Denver Toronto Petrograd Florence 
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NEW WILEY TEXTBOOKS 


STRESSES IN STRUCTURAL STEEL ANGLES. With Special Tables. 


By Professor L. A. WaTersury, University of Arizona. 

This book considers certain important factors that are not included in the 
ordinary structural handbooks. It contains tables which furnish the means of 
selecting angles in tension for any total stress, taking into account the reduction 
in safe load on account of the connection. 

82 pages, 514 x 81j, illustrated. Cloth, $1.25 net. 


APPLIED METHODS OF SCIENTIFIC MANAGEMENT 


Second Edition. 
By Freperick A. Parkuurst, M.E., Organizing Engineer. 
In this edition the author discusses the favorable change of opinion through- 
out the industrial world on Scientific Management. The book is discussed from 


a practical point of view, intensified by many years of experience. 
349 pages, 6x9, illustrated. Cloth, $2.00 net. 


GAS AND FUEL ANALYSIS FOR ENGINEERS. 8th Edition, Rewritten. 


By Professor Aucustus H. Giut, Massachusetts Institute of Technology. 

The changes which have been made in this edition have taken place mainly 

in the directions for the bomb calorimeter, which have been made to agree more 

closely with present usage. This book presents in a concise, yet clear form, the 

methods of gas and fuel analysis involved in testing the efficiency of a boiler plant. 
152 pages, 5x 7%, illustrated. Cloth, $1.25 net. 


INTERIOR WIRING. And Systems for Electric Light and Power Service. 


A Manual of Practice for Electrical Workers, Contractors and Schools. 
By Artuur L. Coox, Head of the Department of Applied Electricity, 
Pratt Institute. 
A guide to modern practice in electric lighting and power applications, and 
in the design and installation of the wiring for such purposes. 
426 pages, 4144 x 714, 248 figures. Flexible binding, $2.00 net. 


ELEMENTS OF HYDROLOGY. 


By Professor Adolph F. Meyer, University of Minnesota. 

This book has been prepared with a view to clearly setting forth funda- 
mental data and considerations, and will be of value to professional men, teachers 
and students of engineering. 

About 500 pages, 6 x 9, illustrated. Cloth, about $3.50 net. 


PROPERTIES OF STEAM AND AMMONIA. 


By Professor G. A. GoopENovaGH, University of Illinois. 
This book now contains a Mollier Diagram, which, as one professor writes, 
is ‘‘ a very excellent diagram, much better than any that I have used before.” 
This book is now being used at a large number of college throughout the 
country. 115 pages, 634 x10. Cloth, $1.25 net. 


JOHN WILEY & SONS, Inc. 


432 Fourth Avenue, New York City 
London, CHAPMAN & HALL, Ltd. ‘ 


MONTREAL, CAN.: SHANGHAI, CHINA: MANILA, P. 1.: 
Renovur Co. Epwarp Evans & Sons, Ltp. Epvucation Co. 
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